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ERRATA. 

Vol.  IV,  Part  EI. 
Page  342,  line  8,/or  "  Theodore  Cooper,"  read  "  Charles  Macdonald." 


INSTRUCTIONS  FOR  PREPARING  PAPERS,  ETC. 

In  writing:  papers,  or  discussions  on  papers,  the  use  of  the  first  per- 
son should  be  avoided.  They  should  be  legibly  written  on  foolscap 
paper,  on  one  side  only,  leaving  a  margin  on  the  left  side. 

Illustrations,  when  necessary,  should  be  drawn  on  tracing  paper  to  as 
small  a  scale  as  is  consistent  with  distinctness.  They  should  not  be 
more  than  10  inches  in  height,  but  in  no  case  should  any  one  figure 
exceed  this  heigh  I.  Black  ink  only  should  be  used,  and  all  lines,  letter- 
ing, etc.,  must  be  clear  and  distinct. 

When  necessary  to  illustrate  a  paper  for  reading,  diagrams  must  be 
furnished.  These  must  be  bold,  distinct  and  clearly  visible  in  detail 
for  a  distance  of  thirty  feet. 

Papers  which  have  been  read  before  other  Societies,  or  have  been 
published,  cannot  be  read  at  meetings  of  the  Society. 

All  communications  must  be  forwarded  to  the  Secretary  of  the  Society, 
from  whom  any  further  information  may  be  obtained. 

The  attention  of  Members  is  called  to  By-laws  39  and  40. 
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TRANSACTIONS. 

Thursday,  15th  January,  1891. 

ANNUAL  GENERAL  MEETING. 

COLONEL  SIR  C.  S.  GZOWSKI,  President,  in  the  Chair. 

The  Secretary  having  read  the  notice  convening  the  meeting, 

It  was  moved  hy  Mr.  A.  Macdougall,  seconded  by  Mr.  P.  A. 
Peterson,  and  resolved : — 

"That  the  minutes  of  the  Annual  Meeting  of  the  23rd  January, 
1890,  be  taken  as  read." 

The  President  read  a  telegram  from  Mr.  H.  F.  Perley  regretting 
his  inability  to  be  present  at  the  meeting. 

The  following  Annual  Report  was  then  read  : — 

ANNUAL  REPORT. 

The  Council  has  much  pleasure  in  presenting  the  following  Report 
of  the  work  of  tbe  Society  during  the  past  year  : — 

ROLL    OF   THE   SOCIETY. 

The  membership  of  the  Society  has  steadily  increased,  the  elections 
comprising  eleven  members,  six  associate  members,  fourteen  associates 
and  twenty-three  students.  Five  associate  members  have  been  trans- 
ferred to  the  class  of  members,  one  associate  to  the  class  of  associate 
members,  one  associate  member  to  the  class  of  associates,  and  four 
students  to  the  class  of  associate  members,  while  from  various  causes 
ten  have  been  removed  from  the  list,  the  net  increase  for  the  year 
being  forty-four. 
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Words  fail  me  to  convey  to  you  the  gratification  at  such  evidence  of 
good  feeling  from  the  Society  towards  me.  I  am  greatly  touched  by 
it,  and  thank  you  from  the  bottom  of  my  heart  for  the  address  and  the 
good  words  that  accompanied  it. 

Thank  you  also  very  sincerely  for  the  hearty  congratulations  in  the 
address  on  the  new  honours  Her  Majesty  has  most  graciously  person- 
ally conferred  upon  me  while  your  President.  Your  appreciation  of 
Her  Majesty's  gracious  act  is  very  gratifying. 

Members  may  rest  assured  that  the  interest  I  take  in  the  welfare  of 
the  Society  shall  continue  undiminished,  and  I  will  consider  it  a  pri- 
vilege to  aid  towards  its  progress. 

Accept  my  best  thanks  for  the  good  wishes  you  express  towards 
Lady  (jzowski  and  myself. 

C.  S.  Gzowski. 

ORDINARY   MEETINGS. 

During  the  year  1890,  fourteen  Ordinary  Meetings  of  the  Society 
have  been  held,  at  which  the  following  papers  were  read  : 

On  "  The  Screening  of  Soft  Coal,"  by  J.  S.  McLennan  ;  on  "  The 
Manufacture  of -Natural  Cement,"  by  M.  J.  Butler;  on  "  Columns," 
by  C.  F.  Findlay ;  on  "  Irrigation  in  British  Columbia,"  by  E.  Mohun  ; 
on  "  The  Sault  Ste.  Marie  Bridge,"  by  G-.  H.  Massy  ;  on  "Genera- 
tion and  Distribution  of  Electricity  for  Light  and  Power,"  by  A.  J. 
Lawson ;  on  "  Developments  in  Telegraphy,"  by  D.  H.  Keeley;  on 
"  The  Errors  of  Levels  and  Levelling,  Parts  I  and  II,"  by  Professor 
C.  H.  McLeod. 

students'  meetings. 

There  have  been  four  Students'  Meetings,  at  which  papers  were 
read  on  "Stand  Pipes,"  by  R.  S.  Lea  ;  on  "  The  Cornwall  Canal," 
by  E.  S.  Mattice ;  on  the  "  Sewerage  System  of  Brockville,"  by 
C.  H.  Ellacott ;  on  "Aluminium,"  by  W.  K.  Hatt ;  on  "  Locomotive 
Shops,  Small  Jobs  and  their  Difficulties,  and  how  to  overcome  them," 
by  T.  H.  Wingham  j  on  "  Cable  .Railways,"  by  P.  H.  Middleton. 

PAPERS. 

The  Council  has  repeatedly  impressed  upon  members  of  all  classes 
the  necessity  of  contributing  Papers  to  be  read  before  the  Society,  and 
also  of  taking  part  in  the  several  discussions.     The  usefulness  of  the 
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Society  must  largely  depend  upon  the  character  of  its  publications,  and 
the  highest  standard  in  these  cannot  be  attained  until  each  individual 
member  is  ready  to  give  the  benefit  of  his  experience. 

The  President  recognizing  the  importance  of  this  subject,  and  desir- 
ing to  stimulate  members  to  a  friendly  rivalry,  has  again  shown  his 
great  interest  in  the  Society  by  offering  to  endow  a  silver  medal  to  be 
awarded  for  the  best  paper  of  the  year.  This  offer  has  been  gratefully 
accepted  by  the  Council,  and  the  conditions  under  which  the  award 
will  be  made  are  specified  in  the  Gzowski  Medal  Eules  appended  to 
the  end  of  this  Report. 

It  is  sincerely  to  be  hoped  that  this  generous  action  on  the  part  of 
the  President  may  do  much  to  secure  the  desired  end. 

society's  rooms. 

An  important  event  in  the  history  of  the  Society  has  been  the  vacat- 
ing of  the  rooms  at  McGill  College,  and  the  occupying,  on  the  28th 
May,  1890,  of  the  new  rooms  over  the  Bank  of  Montreal,  at  the  corner 
of  St.  Catherine  and  Mansfield  streets.  The  appointment  of  an  Assistant 
Secretary  has  rendered  it  possible  to  keep  the  rooms  constantly  open, 
and  they  have,  up  to  the  present,  been  available  for  the  use  of  mem- 
bers every  week  day  afternoon  and  evening.  The  evening  attendance, 
however,  has  been  practically  nil,  and  the  Council  has  decided  that  it  is 
not  justified  in  the  extra  expenditure  required  to  keep  the  rooms  open 
during  the  evening.  It  has  therefore  been  decided  that  the  Assistant 
Secretary  shall  be  in  attendance  daily  from  9  a.m.  to  12.30  and  from 
2  to  6  p.m.,  and  on  Tuesday  evenings  from  8  to  10,  as  well  as  on  such 
other  evenings  as  may  tie  required  for  the  special  business  of  the  Society. 
In  the  near  future,  the  rooms  will  doubtless  prove  increasingly  useful 
and  attractive. 

LIBRARY. 

During  the  year  1890,  a  considerable  number  of  donations  to  the 
Library  of  the  Society  have  been  received,  among  which  mention 
should  be  made  of  the  following  : — 

From  the  President,  Col.  Sir  Casimir  S.  Gzowski,  a  donation  of  over 
200  voluntes  of  valuable  engineering  works,  among  which  may  be  men- 
tioned the  following : — 

Public  Works  of  Great  Britain,  1  vol. 

Britannia  and  Conway  Tubular  Bridges,  1  vol. 

Professional  Papers  Royal  Engineers,  Vols.  I.  to  X. 

Brees'  Railway  Practice,  4  vols. 
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Van  Nostrand's  Engineering  Magazine,  18  vols. 

Civil  Engineers'  and  Architects'  Journal,  14  vols. 

American  Railroad  Journal,  56  vols. 

Weale's  Bridges,  3  vols. 

Truan's  Manufacture  of  Iron,  2  copies. 

Life  of  Telford,  with  Folio  Atlas  of  his  Works,  2  vols. 

From  "Walter  Shanly,  M.P.,  a  presentation  copy  of  The  Victoria 
Bridge,  Canada,  and  Rennie's  British  and  Foreign  Harbours. 

From  W.  0.  Buchanan,  C.E.,  copy  of  Britannia  and  Conway  Tubu- 
lar Bridges,  presented  to  him  by  the  author,  Robert  Stephenson,  C.E. 

Donations  have  also  been  received  from  Sir  Chas.  A.  Hartley,  from 
Messrs.  H.  F.  Perley,  Dodwell  &  Hogg,  Gr.  A.  Mountain,  W.  P. 
Chapman,  F.  W.  Cram,  F.  H.  Reynolds,  N.  B.  McTaggart,  H.  E.  T. 
Haultain,  T.  S.  Russell,  and  from  Professor  Egleston. 

Since  the  last  annual  meeting  the  following  scientific  societies  have 
been  added  to  the  list  of  those  with  which  the  Society  exchanges  pub- 
lications : — 

Nova  Scotian  Institute  of  Natural  Science,  Halifax. 

The  Junior  Engineering  Society,  London,  England. 

The  Cleveland  Institution  of  Engineers,  Middlesborough,  England. 

Ths  American  Institute  of  Electrical  Engineers,  New  York. 

The  American  Institute  of  Architects,  Chicago. 

The  Industrial  Engineers  of  Barcelona. 

The  Massachusetts  Institute  of  Technology,  Boston. 

The  Library  Committee  is  in  correspondence  with  several  other 
scientific  societies,  and  expects  to  add  to  this  list  before  many  weeks. 

Arrangements  have  been  made  to  have  the  following  periodicals  laid 
on  the  table  as  they  are  published  : 

The  Engineer. 

Engineering. 

Engineering  News. 

Railroad  Gazette. 

Railroad  and  Engineering  Journal. 

The  National  Car  and  Locomotive  Builder. 

Another  donation  of  more  than  ordinary  interest  has  been  received 
from  Mrs.  S.  Keefer,  widow  of  the  late  Samuel  Keefer,  Past  President. 
Mrs.  Keefer  has  presented  to  the  Society  the  Gold  Medal  awarded  to 
her  late  husband,  at  the  Exposition  Universelle  Internationale,  Paris, 
1878,  for  his  design  of  the  Clifton  Suspension  Bridge  over  the  Niagara 
Falls.  The  bridge  had  a  clear  span  of  1268  ft.,  and  was  erected  in 
1869. 
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BUILDING    FUND. 

The  Building  Committee  regret  to  have  to  report  a  continued  lack 
of  interest  on  the  part  of  the  great  majority  of  the  members  of  the 
Society  in  the  augmentation  of  the  "  Building  Fund,"  the  total 
receipts,  during  the  past  year,  having  amounted  only  to  the  insignifi- 
cant sum  of  $50  (fifty  dollars). 

The  Committee,  when  asking  for  subscriptions  from  members,  is 
constantly  met  with  the  response  that  they  will  subscribe  when  the 
building  has  commenced.  If  this  is  to  be  the  position  taken  by  all 
those  who  have  not  yet  subscribed,  the  Committee  is  of  the  opinion 
that  the  Society  will  never  have  a  building  of  its  own,  as  it  would  be 
folly  to  commence  such  a  work  without  having  first  secured  the  money. 
The  Committee  hopes,  however,  that  the  number  of  those  who  put  forth 
such  an  excuse  is  small  and  will  become  smaller,  and  that  the  great 
body  of  the  members  of  the  Society  will  make  an  effort  to  build  up  the 
fund  to  the  required  dimensions. 

The  Society  is  largely  indebted  to  the  generosity  of  the  President 
for  the  rooms  it  now  occupies,  and  surely,  when  he  has  done  so  much, 
the  members  should  shew  their  appreciation  of  his  interest  by  doing 
something  towards  increasing  the  "  Building  Fund  ;  "  and  believing 
that  they  will  do  so,  the  Committee  hopes  that  the  next  annual 
report  will  shew  a  very  large  increase  in  this  important  fund,  upon 
which  the  future  success  of  the  Society  so  much  depends. 

FINANCES. 

The  income  for  the  year  ended  on  31st  December,  1890,  amounted 
to  S3, 817.87,  and  the  general  expenditure  reached  $3,591.13,  leaving 
a  balance  of  $226.74,  which,  together  with  the  balance  of  $2,502.89 
brought  forward  from  the  year  1889,  gives  a  total  balance  of  $2,729.63 
to  be  carried  forward.  A  statement  of  the  income  and  expenditure  of 
the  Society  is  given  on  page  8. 
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RULES   FOR   THE   AWARD   OP   THE    "  GZOWSKI   MEDAL." 

A  silver  medal,  to  be  called  the  "  Gzowski  Medal,"  shall  be  struck 
each  year  from  the  annual  proceeds  of  the  Fund  provided  for  that 
purpose,  by  Col.  Sir  Casimir  Gzowski,  A.D.C.,  K  C.M.G-.,  President  of 
the  Society,  which  medal  shall  be  awarded  according  to  the  following 
rules  for  papers  presented  to  the  Society : — 

1 .  Competition  for  the  medal  shall  be  open  only  to  those  who  belong 
to  the  Society. 

2.  The  award  of  medals  shall  not  be  made  oftener  than  once  a  year, 
the  medal  year  shall  be  the  year  ended  June  last,  previous  to  the 
Annual  Meeting  at  which  the  award  is  to  be  made. 

3.  The  papers  entered  for  competition  shall  be  judged  by  a  Committee 
of  five,  to  be  called  the  Gzowski  Medal  Committee,  which  shall  be 
appointed  by  the  Council  as  soon  after  the  Annual  Meeting  of  the 
Society  as  practicable.  Members  and  honorary  members  only  shall  be 
eligible  to  act  on  this  Committee. 

4.  Papers  to  be  eligible  for  competition  must  be  the  bona  fide  produc- 
tions of  those  who  contribute  them,  and  must  not  have  been  previously 
made  public,  nor  contributed  to  any  other  Society  in  whole  or  in  part. 

5.  The  medal  shall  be  awarded  for  the  best  paper  of  the  medal  year , 
provided  such  paper  shall  be  adjudged  of  sufficient  merit  as  a  contri- 
bution to  the  literature  of  the  profession  of  Civil  Engineering,  but  not 
otherwise. 

6.  In  the  event  of  the  Committee  not  considering  a  paper  in  any  one 
year  of  sufficient  merit,  no  award  shall  be  made  ;  but  in  the  following 
year  or  years,  it  shall  be  in  the  power  of  the  Committee  to  award  the 
accumulated  medals  to  the  authors  of  different  papers  which  may  be 
deemed  of  sufficient  merit. 

7.  The  medals  shall  be  suitably  engraved  by  the  Society,  and  shall 
be  handed  to  the  successful  authors  at  the  Annual  Meeting,  or  be  given 
to  them  as  soon  afterward  as  possible. 

(Signed),      Henry  T.  Bovey, 

Secretary. 

It  was  moved  by  Colonel  Sir  C.  S.  Gzowski,  seconded  by  Mr.  John 
Kennedy,  and  resolved  : — 

"  That  the  Report  of  the  Council  be  received,  approved  and  printed 
in  the  Transactions." 

It  was  moved  by  Mr.  A.  Macdougall,  seconded  by  Mr.  E.  A.  Hoare, 
and  resolved  : — 
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"That  Messrs.  Walter  Shanly.  Montreal;  E.  Wragge,  Toronto; 
E.  Gilpin,  Jr.,  Halifax,  N".  S. ;  W.  D.  Barclay,  Winnipeg  ;  St-  George 
Boswell,  Quebec  ;  T.  C.  Keefer  and  Sir  Casimir  Gzowski,  Past  Presi- 
dents, be  elected  the  Nominating  Committee  for  the  year  1891." 

Messrs.  G.  H.  Garden,  A.  Rhodes  and  F.  Chad  wick,  having  been 
named  by  the  President  Scrutineers  of  the  Ballot  for  the  Amendment 
to  the  By-Laws,  after  a  careful  examination  of  the  ballot  papers, 
reported  as  follows : — 

By-Law  6,  line  7,  etc. — Strike  out  the  words  "  who  are  neither 
elective  officers  nor  candidates  for  office." — carried  by  68  per  cent. 

The  following  were  nominated  by  the  President  as  Scrutineers  of 
the  Ballot  for  the  election  of  Officers  and  members  of  Council  for  the 
year  1891  :  Professor  C.  H.  McLeod  and  Messrs.  W.  McNab  and 
T.  Drummond. 

The  Scrutineers  having  examined  the  ballot  papers  reported  that 
the  following  had  been  duly  elected  as  : — 

President. 

Colonel  Sir  Casimir  S.  Gzowski  (re-elected) ,  Toronto. 

Vice-Presidents . 

Edmund  P.  Hannaford,  Montreal ;    John  Kennedy,  Montreal ; 
Francis  J.  Lynch,  Ottawa. 

Treasurer. 
Herbert  Wallis,  Montreal. 
Secretary. 
Henry  T.  Bovey,  Montreal. 
Librarian. 
Francis  Chadwick,  Montreal. 
Members  of  Council. 
William  P.  Anderson,  Ottawa.        Edward  A.  Hoare,  Quebec. 
John  D.  Barnett,  Stratford.  Joseph  Hobson,  Hamilton. 

Francis  R.  F.  Brown,  Montreal.      William  T.  Jennings,  Toronto. 
Kennet  W.  Blackwell,  Montreal.      Thomas  Monro,  Coteau  Landin°\ 
Charles  E.  W.  Dodwell,  Montreal.  Peter  A.  Peterson,  Montreal. 
Hiram  E.  Donkin,  Port  Hawkes-  Henry  N.  Ruttan,  Winnipeg. 

bury.  Percival  W.  St.  George,  Montreal. 

Frederick  N.  Gisborne,  Ottawa.       Sir  Jos.  W.  Trutch,  Yictoria,  B.C. 
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It  was  moved  by  Mr.  F.  R.  F.  Brown,  seconded  by  Mr.  John 
Kennedy,  and  resolved  : — 

"  That  the  thanks  of  the  meeting  be  tendered  to  the  scrutineers  for 
the  able  manner  in  which  they  have  performed  the  duties  entrusted  to 
them,  and  that  the  ballot  papers  be  destroyed." 

It  was  moved  by  Mr.  John  Kennedy,  seconded  by  Mr.  A.  Macdou- 
gall,  and  resolved  : — 

"  That  the  best  thanks  of  the  Society  be  presented  to  the  President, 
for  the  interest  which  he  has  always  evinced  in  the  welfare  of  the 
Society,  and  for  the  practical  aid  which  he  has  so  generously  given 
towards  promoting  its  success." 

It  was  moved  by  Mr.  E.  Wragge,  seconded  by  Mr.  H.  A.  F.  Mac- 
Leod, and  resolved : — 

"  That  the  thanks  of  the  Society  be  presented  to  Professor  Bovey 
for  his  services  as  Secretary  during  the  year  1890." 

It  was  moved  by  Mr.  W.  P.  Anderson,  seconded  by  Mr.  E.  Gr. 
Henderson,  and  resolved  : — 

"  That  the  thanks  of  the  Society  be  presented  to  Mr.  Herbert  Wal- 
lis  for  his  services  as  Treasurer  during  the  year  1890." 

It  was  moved  by  Mr.  H.  A.  G-ray,  seconded  by  Mr.  Robt.  Forsyth, 
and  resolved : — 

"  That  the  thanks  of  the  Society  be  presented  to  Mr.  Francis 
Chadwick  for  his  services  as  Librarian  during  the  year  1890." 

The  above-named  gentlemen  made  suitable  replies,  thanking  the 
Society  for  its  expressions  of  approval. 

The  President  then  read  a  statement  showing  how  many  Diplomas 
had  been  distributed  and  how  many  were  still  in  hands. 

The  following  report  of  the  Grzowski  Medal  Committee  was  read  by 
the  President : — 

"  We,  the  undersigned  members  of  the  Committee,  appointed  by  the 
Council  to  award  the  '  Gzowski '  medal  for  the  year  ending  with 
Part  I,  Volume  IV,  of  the  Transactions  of  the  Society,  beg  to  report 
unanimously  in  favour  of  the  paper  on  Bridge  Calculations  by  H.  E. 
Vautelet,  M.Can.Soc.C.E. 

(Signed)     "  E.  P.  Hannapord. 
"  John  Kennedy. 
"  Peter  A.  Peterson. 
"  K.  W.  Blackwell. 
"  Henry  T.  Bovey." 

The  President  then  presented  Mr.  Yautelet  with  the  medal,  con- 
gratulating him  on  his  success.     Mr.  Yautelet  replied,  thanking  the 
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President  for  his  gift,  and  stating  that  he  should  always  prize  it 
highly. 

Mr.  Hannaford  then  explained  the  programme  for  the  following  day 
(Friday),  and  stated  that  a  special  train  would  leave  the  Grand  Trunk 
Railway  Station  at  10  o'clock  A.  M.  for  the  accommodation  of  those 
members  who  desired  to  take  part  in  the  excursion. 

It  was  moved  by  Mr.  A.  Macdougall,  seconded  by  Mr.  P.  A.  Peter- 
son, and  resolved  : — 

"  That  in  future  the  Annual  Meeting  extend  over  two  days,  and 
that  the  President  be  authorized  to  appoint  the  scrutineers  on  the  first 
day." 

The  meeting  was  then  adjourned. 


EXCURSION. 


THE   VICTORIA   BRIDGE. 


On  Friday,  16th  January,  1891,  the  day  following  the  Annual 
Meeting,  the  members  of  the  Society  met  at  the  Grand  Trunk  Station, 
and  proceeded  by  special  train  to  the  Victoria  Bridge. 

The  details  of  the  structure  were  explained  by  Mr.  Hannaford,  the 
chief  engineer  of  the  Company,  and  are  so  well  known  that  only  the 
principal  features  need  be  given,  and  which  briefly  are  as  follows : — 

Length  of  iron  work =  6592  ft.     being  25  spans 

Length   of  bridge   proper,    including 

abutments =  7072   "         "  « 

Approaches  extending  into  the  river =  2072  "         "  " 

Total  length  shore  to  shore 9144  feet,  or  1.73  miles. 

Construction;  Iron  tube,  size  averaging  16  feet  in  width  up  to  19 
feet  10  inches  in  height.  Height  of  bottom  of  centre  tube  above  river, 
summer  level,  60  feet.  Grade  of  approaches  1  in  100,  and  of  iron  work 
1  in  130,  centre  tube  level. 

It  was  found  some  years  since,  when  soft  coal  in  engines  was  substi- 
tuted for  wood,  that  the  gases  had  a  deleterious  effect  on  the  structure, 
causing  rust.  Mr.  Hannaford  proposed  (and  the  management  accepted 
his  plan)  to  open  20  inches  in  the  centre  of  the  top  of  the  tubes,  imme- 
diately over  the  smoke-stacks  of  the  engines,  making  a  continuous 
aperture,  and  allowing  the  fumes  from  the  smoke-stacks  to  be  sent 
through  the  opening,  the  stacks  being  only  about  9  inches  from  the  top 
of  the  roof  cross  plates  of  the  tubes.  The  effect  was  all  that  could  be 
desired,  and  the  portion  of  the  bridge  completed  is  well  lighted  and 
ventilated, — in  fact,  as  was  aptly  said,  the  structure  was  given  lungs. 
Rather  more  than  half  the  bridge  has  been  ventilated  in  this  manner. 

Care  was  taken  that  before  any  of  the  top  plates  were  opened  increased 
section  was  added  to  the  structure,  to  more  than  compensate  for  the 
portion  to  be  cut  away,  and  the  new  portions  were  put  over  the  sides 
of  the  tubes,  adding  strength  in  the  right  place. 

It  has  been  found  that  in  the  portion  ventilated,  the  cost  of  main- 
tenance is  less  than  formerly.  The  work  is  progressing,  being  done  in 
yearly  stretches  by  the  Company's  men. 
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It  was  explained  that  the  deflection  caused  by  a  heavy  coal  train, 
filling  the  centre  tube  of  330  feet  span,  was  about  TV  of  a  foot. 

The  members  appeared  impressed  with  the  solidity  of  the  structure. 
The  piers  are  founded  on  the  rock,  and  are  of  great  size,  being  from 
16  feet  to  24  feet  in  thickness  and  about  33  feet  in  length  at  their 
tops,  to  which  must  be  added  their  ample  saddlebacks  and  huge 
masonry  cutwaters,  sloping  1  to  1,  thus  giving  dimensions  not  equalled 
on  the  continent  in  a  work  of  its  kind. 

It  was  also  explained  that  the  deflections  of  the  centre  tube,  330  feet 
span,  were  taken  at  intervals  of  time,  and  a  record  kept,  giving  both  its 
lateral  and  vertical  movements  ;  that  the  tube  is  a  vast  thermometer, 
as  it  varies  in  height  with  the  temperature,  the  difference  in  vertical 
movement  between  extremes  of  summer  and  winter  (  +  86°  Fah.  and  — 
25°  Fah.),  in  repose,  being  ^  inches,  the  summer  level  being  lower  than 
winter  level.  The  lateral  movements  are  due  to  wind  and  sun  attrac- 
tion, the  bridge  direction  being  about  east  and  west,  the  buckling  of 
the  tubes  is  towards  the  sun.  The  maximum  range  is  If  inches 
due  to  sun  and  wind,  and  the  whole  series  of  readings  show  conclu- 
sively that  the  tubes  are  elastic  and  preserve  their  original  features. 

It  was  pointed  out  to  the  members  that  the  vast  field  of  ice  which 
covers  Laprairie  Bay,  to  a  thickness  of  from  2^  to  3  feet,  cements  the 
piers  of  the  Victoria  Bridge  like  molten  lead,  and  exercises  a  pressure 
against  the  piers,  which  but  for  their  solidity  would  move  them  bodily. 
The  creeping  of  this  vast  field  of  ice  up  the  cutwaters  of  the  piers  was 
apparent,  and  proved  the  resisting  strength  of  the  bridge  beyond  doubt. 

The  running  ice  in  Spring  attacks  the  bridge  with  a  speed  of  about 
4  miles  per  hour,  but  the  cutwaters  of  the  piers  turn  the  frozen  mass  as 
easily  as  a  plough  does  its  furrow.  The  ice  no  sooner  leaves  the  St. 
Lawrence  than  the  rafts  make  their  appearance,  and  it  is  very  rarely 
a  season  passes  without  leaving  marks  of  broken  and  wrecked  masses 
of  timber  against  the  piers  of  the  bridge.  Sometimes  it  occurs  that 
these  rafts  are  broken  apart  by  the  piers,  and  are  wrecked  on  the  shores 
of  the  river.  The  bridge  has  been  open  for  traffic  32  years,  and 
stands  to-day,  for  wear  and  tear,  a  marvel  of  solidity  and  strength. 

After  visiting  the  bridge  the  members  were  taken  by  special  train  to 
Point  St.  Charles,  and  lunch  was  provided  by  the  Society. 

GRAND    TRUNK    RAILWAY   WORKSHOPS. 

The  party  visited  the  Locomotive  and  Car  works  of  the  Grand 
Trunk  Railway,  and  were  shewn  round  by  the  Mechanical  Superinten- 
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dent,  Mr.  Herbert  Wallis,  treasurer  of  the  Society,  and  by  his  assistants } 
Mr.  F.  W.  Wanklyn,  M.  Can.  Soc.  C.E.,  and  Mr.  McWood,  M.  Can. 
Soc.  C.B. 

There  were  under  construction  at  the  time  a  number  of  engines  for 
fast  passenger  service,  having  cylinders  18  inches  diameter  and  24 
inches  long,  with  four  coupled  driving  wheels  6  feet  diameter,  and 
working  at  a  boiler  pressure  of  160  pounds  per  square  inch. 

The  boilers  are  of  steel,  and  have  butt  joints  with  double  riveted 
inside  and  outside  strips,  the  fire-boxes  being  also  of  steel,  and  the 
crown  sheets  are  supported  by  direct  stays  to  the  saddle  plate.  The 
tubes  are  of  charcoal  iron,  and  are  If  inches  outside  diameter. 

The  tyres  on  all  the  wheels  are  fastened  by  Mansell  retaining  rings, 
and  the  outside  connecting  rods  are  of  the  fluted  type  with  solid 
bushed  ends.  The  boilers  are  covered  with  silicate  slag  wool,  and 
finished  with  refined  iron  clothing  plates.  The  equipment  includes  the 
quick  action  Westinghouse  air  brake  and  sight  feed  steam  lubricator. 
These  engines  haul  trains  of  300  tons  gross  weight,  on  a  consumption 
for  coal  of  one-sixth  pound  per  ton  per  mile. 

Covered  shops  for  the  repairs  of  locomotives  occupy  nearly  200,000 
square  feet,  and  for  the  repairs  of  cars  175,000  square  feet,  and  the 
number  of  men  employed  reaches  2,000.  The  output  of  iron  from  the 
foundry  is  about  4,000  tons,  and  of  brass  over  200  tons  per  annum.  The 
Company  is  just  about  erecting  a  rolling  mill  to  use  up  the  iron  scrap. 

The  members  enjoyed  the  limited  time  allotted  them  in  examining 
the  various  labour-saving  machinery  and  the  self-contained  locomotive 
and  car -building  shops  of  the  Company. 

The  members  after  luncheon  were  sent  to  the  Dominion  Station  of 
the  Grand  Trunk  Railway  by  special  train,  where  they  were  met  by 
the  Officers  of  the  Dominion  Bridge  Co.'s  Works. 

DOMINION   BRIDGE    COMPANY,    LACHINE. 

On  leaving  Point  St.  Charles  the  Grrand  Trunk  special  train  pro- 
ceeded to  Dominion  Station  on  the  G.T.R.  Main  Line,  and  the  visitors 
walked  up  the  siding  to  the  shops  of  the  Dominion  Bridge  Company. 
These  works  are  situated  about  eight  miles  from  Montreal,  contiguous 
to  the  main  lines  of  the  Grand  Trunk  and  Canadian  Pacific  Railway 
companies,  from  both  of  which  lines  sidings  are  run  into  the  works. 
Access  by  water  is  gained  by  the  Lachine  Canal  which  skirts  the 
south  side  of  the  Company's  property,  enabling  ocean  steamships  to  load 
direct  from  the  Company's  tracks  by  their  steam  derricks  on  the  canal 
bank,  as  was  done  last  year  when  the  iron  for  the  Grand  Narrows 
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Bridge,  C.B.,  was  loaded  on  the  S.S.  "  Inverleith."  The  Company  oper- 
ates about  two  miles  of  sidings  with  its  own  locomotive  and  rolling 
stock. 

The  main  shop  is  515  feet  long  by  125  feet  wide,  built  of  stone  and 
brick;  the  roof  of  iron,  consisting  of  heavy  trusses  capable  of  sustain- 
ing a  load  of  ten  tons,  is  supported  inside  by  seven  columns.  The  shops 
have  a  capacity  of  about  800  tons  a  month.  The  heating  and  anneal- 
ing furnaces  are  fed  by  gas  supplied  by  a  "  Swindell  "  producer. 

The  shops  are  thoroughly  supplied  with  suitable  heavy  machinery, 
operated  by  one  automatic  condensing  engine.  Artificial  light  is  sup- 
plied by  a  combined  system  of  arc  and  incandescent  lighting,  the 
dynamos  being  driven  by  an  independent  high-speed  engine. 

Among  other  work  in  different  stages  of  construction,  the  visitors 
were  shown  a  107  foot  double  track  lattice  span  for  the  Grand  Trunk 
Railway,  completely  assembled  in  the  shop  prior  to  shipment. 

After  inspecting  the  shops,  the  visitors  were  conducted  to  the  testing 
room,  in  which  is  one  of  the  celebrated  "  Emery "  Hydraulic 
Testing  Machines,  the  only  one  in  Canada.  This  machine  has  a  capa- 
city from  75  tons  down  to  ascertaining  the  tensile  strength  of 
wire.  The  visitors  then  viewed  the  template  room,  which  is  120  feet, 
enabling  templates  for  all  spans  to  be  laid  down  full  size.  Proceeding 
to  the  drawing  room,  refreshments  were  partaken  of,  and  the  visitors 
left  on  a  special  train  drawn  up  in  the  yard,  supplied  by  the  courtesy 
of  the  Canadian  Pacific  Railway  Company. 

Mr.  F.  R.  F.  Brown,  M.  Can.  Soc.  C.E.,  superintendent  of  the  Domi- 
nion Bridge  Company's  works,  explained  the  different  features,  and 
Mr.  Gr.  H.  Duggau,  M.  Can.  Soc.  C.E.,  of  the  Bridge  Company's 
Staff,  worked  the  testing  machine  with  a  sample  of  steel  in  which  the 
members  showed  much  interest. 

THE    DOMINION    WIRE    WORKS. 

Leaving  the  works  of  the  Dominion  Bridge  Company,  the  Dominion 
Wire  Manufacturing  Company's  Works,  at  Lachine,  were  next  visited 
by  the  Society. 

The  buildings  cover  about  5  acres  of  ground.  They  are  substan- 
tially built  of  stone  and  brick.  There  is  one  large  Compound  Con- 
densing Engine  400  horse-power.  In  addition  there  are  seven  other 
engines,  giving  an  aggregate  power  of  about  700  horse.  These  are 
driven  by  a  fine  battery  of  steel-boilers.  The  works  are  very  carefully 
planned  so  as  to  avoid  re-handling  of  the  metal. 

Rolled  steel,  iron,  copper,  and  brass  rods  are  the  raw  materials  for 
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these  mills,  and  are  imported  from  England,  Germany  and  the  United 
States.  The  annual  tonnage  output  per  year  is  about  6000  tons,  and 
the  yearly  consumption  of  fuel  about  5000  tons  of  coal  and  coke.  The 
coal  is  "Bituminous/'  from  Nova  Scotia.  The  coke  is  brought  from 
Pennsylvania. 

In  addition  to  drawing  all  sizes  of  wire  from  7-16  diameter  down  to 
No.  30  gauge,  this  Company  tins  and  galvanizes  as  well.  They  are 
large  consumers  of  their  own  wire,  manufacturing  barbed  fencing,  wire 
nails,  hay -bale  ties,  brass  and  iron  wood  screws. 

This  Company  was  the  first  to  enter  into  the  manufacturing  of  wire 
in  Canada,  and  from  a  small  beginning  have  developed  as  above  stated. 
They  are  continually  adding  to  their  plant  and  machinery,  and  are 
well  situated  for  freighting,  being  on  the  banks  of  the  Lachine  Canal, 
and  having  spurs  from  the  Canadian  Pacific  Railway  and  the  Grrand 
Trunk  Railway,  which  run  into  their  works. 

Adjoining  the  Dominion  Wire  Manufacturing  Company's  works  are 
the  Dominion  Wire  Rope  Company's  works,  who  manufacture  all 
kinds  of  wire  rope  for  mining,  ship-rigging,  etc.  They  have  some  very 
ingenious  and  complete  machinery.  Both  of  these  works  are  under  the 
control   and  management   of  Mr.  F.  Fairrnan,  A.  Can.    Soc.  C.E. 

The  Dominion  Wire  Manufacturing  Company  have  recently  added 
a  large  wing  to  their  works,  for  the  purpose  of  manufacturing  electric- 
ally pure  copper  wire  and  brass  wire,  and  are  now  in  full  operation. 

THE   ST.    LAWRENCE   BRIDGE. 

Leaving  the  Wire  Works,  the  Society  was  furnished  with  a  special 
train  by  the  Canadian  Pacific  Railway,  and  visited  the  St.  Lawrence 
Bridge. 

The  spans  are  as  follows  : — 

3  spans  of  80  feet  each,  centre  to  centre  of  piers. 

1  do  120  do 
8     do      242                             do 

2  do  269  do 
2  do  408  do 
3,652  feet  between  abutments. 

The  bridge  is  approached  at  its  south  end  by  a  long  and  high 
trestle  work  in  course  of  being  filled  in. 

The  paper  on  the  foundations  of  this  bridge  by  Gr.  H.  Massy,  M. 
Can.  Soc.  C.  E.  (Vol.  I  Transactions  Can.  Soc.  C.E.),  gives  the  current 
of  the  river  at  from  2  to  6  miles  per  hour  at  low  water  and  from  4  to  9 
miles  at  high  water,  the  difference  in  level  between  high  and  low  water 
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being  about  six  feet.  Of  the  16  spans,  14  are  "  decks  "  and  the  two 
larger  ones  are  "through,"  affording  a  clearance  headway  for  naviga- 
tion of  GO  feet  at  summer  level. 

The  day  was  cold,  and  the  exposed  position  of  the  bridge  rendered  a 
detailed  examination  out  of  the  question.  The  forming  of  ice  was 
seen  to  advantage.  Beneath  the  clear  water  of  the  river  immense 
fields  of  congealed  water  like  drawn  out  wool  were  visible,  and  an  enor- 
mous supply  of  ice  was  in  process  of  preparation  at  the  site  of  the 
bridge.  Mr.  Massy's  paper  gives  the  details  of  piers  and  foundations, 
and  Mr.  J.  W.  Schaub,  M.  Can.  Soc.  C.E.,  in  his  paper  on  the  steel 
superstructure  (Vol.  I  Transactions  Can.  Soc.  C.E.),  gives  the  details 
of  the  work. 

Mr.  P.  A.  Peterson,  Member  of  Council,  Can.  Soc.  C.E.,  and  chief 
engineer  of  the  bridge,  accompanied  the  party,  and  explained  many 
features  of  interest.  The  bridge  was  commenced  in  the  spring  of  1886, 
and  the  first  train  crossed  the  bridge  on  30th  July,  1887.  'lhe  cost  of 
the  bridge  was  rather  under  one  million  dollars.  There  are  7,641  cubic 
yards  of  masonry,  4,721  cubic  yards  of  concrete,  and  8,315,965 
lbs.  of  steel  in  (he  bridge. 

The  party  returned  to  the  city  by  the  Canadian  Pacific  Railway, 
thoroughly  enjoying  the  trip  and  the  welcome  accorded  to  the  Society. 


Thursday,  22nd  January. 

K.  W.  BLACKWELL,  Member  of  Council,  in  the  Chair. 
Paper  No.  47. 

THE  INTERNATIONAL  COLLIERY, 

BRIDGEPORT,  CAPE  BRETON. 
By  C.  B.  Kingston,  Stud.  Can.  Soc.  C.E. 

The  operations  of  the  International  Coal  and  Railway  Company  are 
being  carried  on  in  the  great  Care  Breton  Coal  Field.  The  general 
disposition  of  the  coal  in  this  region,  and  the  particular  arrangement  of 
the  various  seams,  are  very  clearly  shown  on  maps  made  from  sur- 
veys by  the  Geological  Survey  of  Canada,  and  also  from  surveys  made 
under  the  direction  of  the  Provincial  Department  of  Mines  and  Works. 

It  is  not  necessary  to  say  more  of  the  geological  formations  of  the 
neighbourhood  than  is  enough  to  define  the  situation  of  that  part  of  the 
coal  field  wherein  the  company  is  carrying  on  its  work.  Mr.  Ruther- 
ford, late  Inspector  of  Alines  for  the  Province  of  Nova  Scotia,  in  one  of 
his  reports,  divides  this  field  into  three  districts,  the  Sydney  district  on 
the  north,  the  Cow  Bay  district  on  the  south,  and  between  these  the 
Glace  B:iy  district,  in  which  is  the  area  of  the  International  Company. 

This  division  is  based  on  the  presence  of  two  anticlii'als  which  sepa- 
rate these  basins,  one  more  distinct  separating  the  Cow  Bay  from  the 
Glace  Bay  district,  and  one  less  distinct  between  the  Glace  Bay  and 
Sydney  districts.  Besides  the  International,  there  are  three  other 
collieries  in  active  operation  in  the  district, — one  working  the  same  seam, 
and  two  working  different  seams  of  coal,  whose  relations  to  one  another 
have  been  pretty  definitely  decided. 

The  lease  held  by  the  International  includes  an  area  of  four  square 
miles,  and  contains  four  fine  seams  of  coal  within  a  workable  distance 
at  the  surface.  At  present  the  upper  seam,  known  in  the  neighbour- 
hood as  the  Harbor  Seam,  is  alone  being  worked. 

general  sketch  of  workings. 

The  seam  which  dips  due  east  at  an  angle  of  five  degrees  was 
originally   opened  by  a  pair  of  slopes.     In  course  of  time  it   was  con 
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sidered  advisable  to  sink  a  shaft  some  distance  from  the  outcrop,  in 
order  to  lessen  the  labour  and  expense  of  hauling  the  coal,  which  at  the 
time  was  being  worked  altogether  to  the  rise  of  the  shaft. 

The  mine  is  worked  on  the  "  Bord  and  Pillar  "  system,  the  bords  or 
rooms  being  driven  six  yards  wide,  and  the  pillars  left  seven  yards 
thick,  cross  cuts  seven  feet  wide  being  made  between  the  bords  every 
twenty  yards. 

The  old  workings  from  the  slopes,  upon  which  the  shaft  had  to  be 
sunk,  made  it  impossible  to  open  the  mine  in  the  regular  way  by  leav- 
ing four  large  pillars  of  coal  for  the  support  and  protection  of  the  shaft 
mouth,  necessitating  a  great  deal  of  heavy  timbering,  of  which  a  de- 
scription will  be  given  in  connection  with  the  shaft.  The  rise  coal,  i.e., 
that  coal  lying  west  of  the  shaft,  which  could  be  brought  down  to  the 
pit  bottom  by  the  natural  grade,  was  very  soon  worked  out.  The  coal 
had  then  to  be  worked  to  the  deep  (east  of  the  shaft),  and  hauled  up 
against  the  grade.  The  main  body  of  the  work  is  at  present  carried  on 
from  a  single  pair  of  deeps,  from  which  the  levels  are  broken  off.  These 
deeps  were  driven  due  east  from  the  shaft,  and  the  levels  turned  off 
north  and  south.  The  coil  is  being  worked  out  in  blocks  six  hundred 
feet  long,  the  workings  of  each  block  constituting  what  is  known 
generally  as  a  "  Landing." 

The  main  deeps  are  driven  down  six  hundred  feet,  then  in  the 
middle  of  this  block  a  pair  of  levels  twelve  feet  wide  are  turned  off 
at  right  angles  to  the  deeps.  From  these  levels  in  turn  two  more 
roads,  known  as   "Headway"   roads,  are  turned  off  at  right  angles. 

From  these  headways  the  bords  or  rooms  are  broken  off',  and  are 
driven  at  first  back  towards  the  main  deeps,  those  to  the  rise  of  the 
levels  being  carried  through  to  the  deeps,  those  to  the  deep  of  the  levels 
being  carried  back  part  of  the  way  only,  a  heavy  pillar  being  left  next 
to  the  deeps  to  form  a  lodgment  for  water,  the  use  of  which  will  be 
explained  in  connection  with  the  pumping  of  the  mine.  When  this 
has  been  done  the  bords  are  carried  beyond  the  headways  away  from 
the  deeps.  There  are  six  of  these  landings  at  present,  three  on  the 
north  and  three  on  the  south  side  of  the  main  deeps. 

Coal  Cutting. — The  coal  is  mined  or  undercut  to  a  depth  of  four 
feet,  sheared  down  one  side  from  the  roof  to  the  floor,  a  hole  drilled 
near  the  roof,  and  the  block  blown  down  with  powder.  The  face  of 
the  room  is  taken  down  in  two  shots  nine  feet  wide.  The  shearing  is 
done  in  the  middle  of  the  room,  and  the  shots  kept  always  two  feet  in 
advance  of  one  another.  By  this  means  a  shot  which  is  mined  out 
four  feet  needs  only  two  feet  of  shearing,  which  greatly  lessens  the 
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labour.  The  drill  hole  is  begun  a  little  below  the  roof  and  slanted 
upwards  until  it  strikes  the  stone.  This  gives  the  man  more  room  to 
handle  the  drill,  and  also  gives  the  bhu-t  more  leverage  on  the  lump. 

Plugging  the  coal,  that  is,  blasting  it  when  mined  without  shearing, 
is  forbidden  except  in  very  few  cases;  for,  unless  it  is  practised  with 
great  care  it  jars  the  pillars,  and  renders  them  unsafe.  The  blocks, 
which  contain  from  four  to  seven  tons,  are  next  broken  up  with  picks, 
and  loaded  into  the  tubs.  Short,  straight  picks,  having  very  fine  points, 
slightly  chiselled,  are  used.  Each  man  has  a  set  of  six  picks  of  different 
weights,  which  he  brings  up  to  the  forge  every  night,  where  they  are 
sharpened  and  carefully  tempered,  the  steel  points  being  left  blue;  as,  if 
they  are  tempered  white,  they  become  too  brittle,  and  break  in  the 
coal,  where  there  are  bands  of  shale. 

UNDERGROUND   HAULAGE. 

This  very  important  branch  of  the  mine  has  received  much  attention. 

Roads. — The  roads  are  laid  exactly  like  an  ordinary  railroad.  The 
small  steel  rails  are  laid  on  wooden  sleepers,  and  ballasted  with  broken 
stone.  The  gauge  is  thirty-two  inches.  Where  steam  power  is  used, 
rollers  are  placed  in  the  middle  of  the  track,  thirty  feet  apart,  for  the 
wire  rope  to  run  upon.  Constant  care  is  required  to  keep  the  roads  in 
good  condition  and  free  from  loose  stone  and  coal  which  may  throw  the 
tubs  off  the  rails. 

On  the  roads  where  horses  are  employed,  the  stone  ballast  becomes 
quickly  broken  up,  and  forms  heavy  mud,  which  works  up  from  their 
feet  to  the  sides  of  the  track.  This  must  be  carefully  shoveled  away, 
for,  besides  blocking  the  rails,  it  rubs  the  grease  off  the  journals  of  the 
wheels  and  increases  the  weight  of  the  load.  The  roads  have  also  to  be 
carefully  dmined,  as  the  pit  water  injures  the  horses'  feet. 

A  double  track  is  laid  on  the  upper  part  of  the  main  deep  where  the 
trains  of  tubs,  or  trips,  pass  one  another.  There  are  single  tracks  on 
the  levels  which  are  widened  in  places  for  sidings  where  the  trips  pass. 
Single  tracks  are  laid  on  the  headways,  and  in  each  bord,  where  the 
tubs  travel  singly.  As  the  bords  advance,  the  headway  roads  are 
moved  up  into  the  cross-cuts  nearer  the  face,  the  level  road  is  advanced, 
and  fresh  sidings  put  in  if  necessary.  This  lessens  the  number  of  rails 
required  in  the  bords,  and  is  usually  done  each  winter  when  the  mine  is 
not  working.  In  laying  out  the  roads,  care  is  always  taken  to  use  the 
grade  as  far  as  possible  with  the  load. 

Haulage. — The  tubs  of  coal  are  drawn  by  horses,  one  at  a  time, 
from  the  bords,  along  the  headway  to  the  level.     Here  they  are  coupled 
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in  trains  of  alternately  four  and  five  tubs,  and  drawn  by  beavier  borses 
alone;  the  level  to  the  main  deep.  A  train  of  four  and  one  of  fire  tubs 
are  coupled  together  here  and  attached  to  the  rope  from  the  engine. 
The  trip  of  nine  tubs  being  then  drawn  up  the  deep  to  the  pit  bottom 
is  again  broken  up,  and  the  tubs  raised  in  the  shaft  one  at  a  time. 
The  plain  rope  system  of  haulage  is  employed  on  the  deep,  the  empty 
trip  carrying  down  the  rope,  which  runs  off  a  loose  drum  thrown  out  of 
gear  and  governed  by  a  brake  band. 

Rope. — Lang's  patent  woven  wire  rope,  three  quarter  inch,  is  used. 

Engine. — A  horizontal  cylinder,  10"  *  24",  with  60  lbs.  of  steam, 
drives  a  small  spur  wheel,  gearing  with  two  large  wheels  attached  to 
two  drums.  These  can  be  thrown  in  and  out  of  gear.  One  drum  is 
thrown  into  gear  when  a  full  trip  is  being  drawn  up,  while,  at  the  same 
time,  the  other  drum  is  thrown  out  of  gear  and  governed  by  a  brake 
strap  while  the  rope  is  being  drawn  off  by  an  empty  trip  running  down. 
The  engine  is  on  the  surface,  near  the  shaft,  down  which  the  ropes  pass 
into  the  pit.  The  space  being  limited,  the  wheels  have  to  be  set  one 
below  the  other,  for  which  reason  the  drums  are  set  one  a  little  below 
the  other  to  allow  the  ropes  to  clear  each  other.  The  drums  are  four 
feet  in  diameter  and  three  feet  six  inches  long,  carrying  each  about 
three  thousand  feot  of  rope. 

The  engine  being  placed  near  the  shaft,  the  rope  leavin°  the  drum 
has  a  lead  to  the  first  pulley  of  only  fifty  feet,  which  sometimes  causes 
the  rope  to  coil  badly  on  the  drum. 

Signals. — The  engineers  on  the  surface  are  kept  informed  of  the 
position  of  the  trips  below  by  means  of  a  carefully  arranged  set  of 
signals.  These  are  made  by  fine  wire  ropes  running  on  carefully  oiled 
pulleys,  and  attached  to  right-angled  levers  by  means  of  which  a  heavy 
weight  is  raised  and  allowed  to  drop  on  a  met;d  plate.  A  signal  is  given 
when  the  trip  is  attached  to  the  rope,  and  all  is  clear  for  it  to  start. 
When  the  trip  reaches  the  top  of  the  deep,  and  passes  ou  to  the  level 
ground  at  the  pit  bottom,  known  as  the  "bank  head,"  it  signals  itself 
by  striking  a  lever  arm  standing  up  in  the  centre  of  the  track,  which 
causes  a  bell  in  the  engine-house  to  ring.  The  signal  wires  pass  along 
beside  the  road,  so  that  in  the  event  of  anything  happening  to  the  trip, 
whoever  sees  it  can  at  once  signal  the  engineer  to  stop  the  engine. 

A  stout  iron  bar,  known  as  a  "  bogey,"  is  attached  to  the  hind  end 
of  the  last  tub  on  the  trip,  and  allowed  to  drag  behind  it.  By  its  means 
the  trip  is  thrown  off  the  rails  and  stopped  at  once  in  the  event  of  a  rope 
breaking,  or  a  coupling  giving  way. 

On  the  bank  head,  where  the  rope  is  knocked  off,  a  pulley  is  placed, 
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having  one  side  of  its  block  loose,  attached  to  a  balance  weight. 
The  block  is  drawn  down  and  hooked  on  to  the  rope  on  the  trip  coming 
up.  When  the  rope  is  knocked  off,  the  weight 'draws  the  pulley  and  the 
rope  with  it,  up  to  one  side  of  the  roof  out  of  the  way  of  the  trip, 
which   runs  of  its  own  accord  to  the  pit  bottom. 

A  slanting  road  is  cut  from  the  pit  bottom  to  the  top  of  the  bank 
head,  into  which  the  empty  tubs  are  shoved  as  they  come  down  from 
the  surface,  and  are  m  ide  up  into  trips  of  nine  tubs  to  run  down  to 
the  landings. 

The  rope,  which  passes  along  the  bank  head  from  the  shaft  and 
round  the  angle  to  the  edge  of  the  bank  at  the  top  of  the  deep,  is  drawn 
down  into  the  end  of  this  slanting  road,  and  attached  to  the  back  of 
the  empty  trip,  which  is  then  shoved  on  to  the  deep,  and  allowed 
to  run  down  the  grade,  its  speed  being  regulated  by  the  brake  strap 
on  the  drum. 

This  rope  is  passed  over  a  large  pulley,  running  loosely  in  a  frame 
suspended  from  a  long  bar  across  the  roof.  This  keeps  the  rope  clear 
of  the  rails  as  it  swings  across  the  road  when  the  trip  runs  from  the 
slanting  ro;id  at  the  side  on  to  the  deep.  When  the  trip  is  fairly 
on  the  deep,  the  rope  is  lifted  out  of  this  pulley  and  allowed  to  run 
on  the  wooden  rollers  in  the  middle  of  the  track. 

Horses. — Light  horses  are  used  in  the  rooms  where  single  tubs  are 
drawn,  and  heavier  ones  on  the  levels  where  the  load  is  four  or  five  tubs. 
A  good  deal  of  trouble  is  caused  by  the  pit  water,  which  works  into  any 
cuts  or  scratches  on  the  horses'  feet,  producing  lameness.  On  returning 
to  the  stable  at  night  their  feet  are  washed  and  greased  with  a  mixture 
of  tallow  and  kerosene  to  protect  them  from  the  acid  water. 

Each  horse  carries  a  pair  of  shafts  which  are  hooked  to  the  tubs. 
Their  heads  are  protected  from  blows  against  the  roof  by  heavy  leathern 
caps  lined  with  felt. 

Tabs. — The  coal  cars,  or  tubs  as  they  are  called,  are  boxes  built  o* 
inch  and  a  quarter  pine,  bound  on  the  corners  with  y  angle  iron  and 
round  the  top  and  middle  with  bands  of  \"  iron.  (Plate  I,  Figs.  1  and  2.) 

These  boxes  are  bolted  strongly  to  a  heavy  frame,  the  side  pieces  of 
which  (6"  x  4"  in  section)  project  three  inches  beyond  either  end  of 
the  box,  and,  being  bound  with  iron,  act  as  buffers. 

A  small  iron  loop  is  attached  to  a  band  of  iron  ruuning  across  the 
box  at  each  end,  about  one  foot  from  the  bottom,  into  which  the  shafts 
hook. 

The  couplings  are  made  by  an  iron  bar,  attached  to  the  lower  part 
of  the  carriage,  having  a  hook  at  one  end,  and  four  six  inch  links  at 
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the  other.  The  wheels  are  of  steel,  and  are  turned,  and  pressed  on  to 
the  axle  so  that  they  run  perfectly.  They  are  very  light;  the  pair  of 
wheels  and  the  axle  together  weighing  only  eighty-five  pounds.  The 
wheel  base  is  eighteen  inches,  so  that  they  are  easily  handled,  and  will 
run  on  a  sharp  curve.  The  boxes  are  4'  11"  x  3'  3"  outside  measure- 
ment, and  hold  from  1800  to  2000  lbs.  of  coal. 

TAIL   ROPE    SYSTEM   OF   HAULAGE. 

An  interesting  example  of  this  system  of  haulage  has  recently  been 
started  in  the  mine.  It  having  been  found  necessary  to  lighten  the 
strain  on  the  present  hauling  engine,  and  at  the  same  time  to  increase 
the  output  of  the  mine,  it  was  determined  to  utilize  an  old  level  running 
south  from  the  shaft.  Driving  down  from  this  level  at  a  point  about 
2000  feet  from  the  shaft  a  lower  landing  of  the  south  side  workings 
was  reached.  There  was  already  a  slight  grade  from  the  turn  off  on 
the  level  down  to  the  shaft  mouth  which  helped  the  full  trips  coming 
in,  but  in  order  to  bring  the  empty  trips  back  a  tail  rope  was  required. 
The  road  turned  off  the  level  was  graded  down  from  the  level  to  the 
landing,  so  that,  after  a  certain  point  was  reached,  the  tail  rope  was 
not  needed,  and  could  be  knocked  off,  allowing  the  trip  to  run  down 
alone,  drawing  the  hauling  rope  after  it. 

The  engine  used  for  this  system  is  set  in  the  pit  at  the  entrance  to 
the  level,  and  is  supplied  with  steam  from  the  surface.  It  is  a  small 
horizontal  engine  having  two  cylinders  8"  x  12",  and  two  drums,  one 
carrying  3500  feet  of  a  locked  wire  rope  used  for  the  direct  haulage,  and 
5200  feet  of  the  woven  wire  rope  used  for  the  tail  rope. 

The  tail  rope  passes  with  a  lead  of  seventy-five  feet  to  a  steel  pulley, 
having  a  deep  flange,  running  loose  on  a  spindle  30"  long  to  allow  the 
rope  to  coil  properly  on  the  drum ;  then  one  hundred  and  twenty  feet 
to  a  similar  pulley  running  on  an  18"  spindle,  being  supported  in  the 
interval  on  wooden  rollers  15  feet  apart.  From  here  the  rope  passes, 
supported  by  wooden  rollers,  30  feet  apart  set  between  upright  sticks 
of  timber,  to  a  large  horizontal  steel  wheel  of  four  feet  diameter,  placed 
in  the  angle  at  the  back  of  the  triangular  pillar  on  the  outside  of  the 
curve.  From  this  wheel  it  passes  300  feet  to  a  horizontal  wheel  of 
the  same  description  set  in  a  box  under  the  track.  This  wheel  is 
inclined  carefully  at  such  an  angle  that  the  rope  when  passing  down 
to  it,  and  when  leaving  it,  will  run  clear  of  the  ties.  Where  the 
rope  leaves  the  roof  to  pass  down  to  this  wheel,  a  steel  deep  flanged 
pulley  wheel  is  substituted  for  the  rollers,  and  where  the  rope  passes 
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from  the  road  to  the  wheel  and  from  the  wheel  to  the  road  again,  Bteel 
rollers  are  used  instead  of  wooden  ones  to  prevent  accidents  from  wearing. 

When  the  full  trip  coming  up  reaches  this  point,  the  end  at  the  tail 
rope  is  attached  to  the  back  of  the  last  tub  and  drawn  into  the  shaft. 
Here  it  is  taken  off,  and  being  attached  to  an  empty  trip  draws  it  up 
the  grade  on  the  level,  over  a  distance  of  flat  bottom  on  the  curve,  to 
the  head  of  the  down  grade,  the  hauling  rope  being  drawn  out  behind. 
Here  the  tail  rope  is  knocked  off,  and  the  empty  tubs  run  down  with 
the  hauling  rope  to  the  landing.  The  wheel  beneath  the  track  is  set 
in  such  a  position  that  the  tail  rope  runs  on  clear  of  the  tubs,  and  runs  off 
near  one  of  the  rails,  so  that  the  end  of  the  rope  when  knocked  off  can- 
not get  foul  of  the  hauling  rope. 

The  hauling  rope  passes  from  the  drum  along  the  centre  of  the  track 
supported  at  every  30  feet  by  a  wooden  roller.  On  the  curve,  which 
is  a  very  sharp  one,  the  rope  runs  on  nineteen  upright  steel  sheaves,  10 
feet  apart,  set  on  a  heavy  plank  laid  close  along  the  outer  side  of  the 
inner  rail,  so  as  to  answer  the  further  purpose  of  supporting  the  rail. 
These  sheaves,  which  are  8"  diam.  and  10"  high,  are  sunk  slightly  in  the 
plank  so  as  to  prevent  the  possibility  of  the  rope  catching  beneath  them. 
At  either  end  of  the  curve,  and  a  short  distance  from  the  point  where 
it  leaves  the  tangents,  a  small  upright  sheave  is  set  in  the  middle  of  the 
road.  The  passage  of  the  tubs  on  the  curve  is  protected  by  heavy 
guard  rails  of  wood. 

An  interesting  feature  of  this  system  is  the  introduction  of  a  patent 
locked  wire  rope,  made  in  England,  and  known  as  "  Elliot's  patent  locked 
wire  rope."  The  wire  used  is  of  a  section  of  two  diamonds  setoo  edge, 
and  when  twisted  these  wires  lock  into  one  another,  making  a  perfectly 
solid  rope  with  a  smooth  surface  which  runs  easily  on  wheels  and  rollers, 
and  does  not  hold  dirt.  The  rope  is  made  in  two  pieces,  an  inner  and 
an  outer,  in  each  of  which  the  wires  are  twisted  in  an  opposite  direction. 
This  rope  is  very  strong,  a  \"  rope  doing  the  work  of  a  f "  woven  wire 
rope.  It  is  also  very  durable,  as  each  wire  wears  evenly.  All  these 
ropes  are  carefully  greased  to  keep  them  from  rusting. 

A  new  shackle  is  used  for  the  end  of  this  rope  which  avoids  the 
weakening  of  the  latter  by  rivets.  The  shackle  is  a  piece  of  round 
steel  tubing  tapering  towards  the  rope.  The  rope  being  passed  into  it, 
the  ends  of  the  wires  are  turned  back,  and  the  whole  made  solid  with 
molten  lead.     From  twelve  to  fifteen  tubs  make  the  trip  on  this  system. 

THE   SHAFT. 

The  shaft  is  a  very  shallow  one  near  the  outcrop,  being  only  80  feet 
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deep.  It  passes  for  the  greater  part  of  this  depth  through  solid  stone  ;  only 
about  twenty  feet  at  the  top  requiring  cribbing,  which  rests  safely  on 
the  stone  head.  The  shaft  is  12'  x  8',  eleven  feet  being  taken  up  with 
the  cages  and  buntings,  leaving  one  foot  for  the  steam-pipes  for  the 
pump  and  underground  engine,  and  the  ropes  from  the  main  deep.  The 
cages  travel  on  two  pitch-pine  spears  or  guides,  one  rising  as  the  other 
drops.  Tlie  ropes  run  off  a  single  drum,  being  coiled  on  in  opposite 
directions.  This  drum  is  driven  directly  by  two  cylinders  18"  x  48",  with 
45  lbs.  of  steam.  The  mau  driving  this  eugine  is  governed  by  a  careful 
code  of  signals. 

Timbering  of  the  Shaft  Bottom. — The  shaft  having  been  sunk  upon 
the  old  workings,  it  was  found  necessary  to  use  a  somewhat  elaborate 
system  of  timbering  lor  its  support  and  protection.  Fourteen  inch 
hemlock  timber  was  used,  round  for  the  uprights,  but  partially  squared 
for  the  roof  pieces.  There  are  three  sets  of  timber  in  the  roof, 
supported  by  uprights  on  either  side  of  the  road.  The  spaces  left 
between  the  pieces  are  large  enough  to  allow  a  complete  new  set  to  be 
put  in  before  removing  the  old  ones,  when  they  have  to  be  changed.  A 
fo^r  inch  cap  of  oak  is  placed  on  each  support  to  prevent  the  end  wood 
of  the  upright  from  crushing  the  ends  of  the  cross-pieces. 

This  careful  timbering  was  necessary,  because  the  close,  hard  stone 
immediately  above  the  seam  was  removed  to  give  the  required  height 
about  the  shaft  bottom.  Through  the  rest  of  the  mine  very  little  timber 
is  required  for  the  support  of  the  roof,  and  where  it  is  needed  an  upright 
post,  with  a  cap,  is  quite  sufficient  owing  to  the  closeness  and  hardness 
of  the  roof  stone. 

VENTILATION. 

The  mine  is  at  present  ventilated  by  means  of  a  furnace,  the  area  of 
whose  bars  is  6x  6  feet,  raised  two  feet  from  floor,  and  having  a  heated 
column  of  130  feet.  As  tested  by  the  anemometer  this  furnace  passes, 
on  an  average,  32,000  cubic  feet  of  air  per  minute.  The  pit  is  ven- 
tilated in  two  sections,  one-half  from  an  intake  on  the  north  side,  and 
the  other  from  an  intake  on  the  south  side.  Care  is  taken,  by  means  of 
frequent  cross-cuts,  to  keep  the  current  close  up  to  the  faces  of  the  bords 
where  the  men  are  working,  and  all  the  stoppings  are  carefully  looked 
after  to  see  that  no  air  is  lost  by  leakage.  Although  very  little  gas  has 
been  met  in  the  seam,  the  whole  pit  is  carefully  examined  with  safety 
lamps  each  morning  to  see  that  any  gas  which  may  have  accumulated 
during  the  night  has  been  driven  off.     The  furnace  having  been  found 
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insufficient  for  the  increased   extent  of  the  mine,  a  fan  is  about,  to  be 
introduced  which  will  supply  a  much  larger  amount  of  air. 

PUMPING. 

The  division  of  the  mine  into  landings  makes  it  easy  to  deal  with  the 
water  in  the  pit.  The  rooms  driven  back  from  the  headways  towards 
the  deep  on  the  lower  side  of  the  levels  are  not  carried  through  to  the 
deep,  but  a  pillar  of  coal  is  left  which,  with  the  wall  between  this  land- 
ing and  the  next  below,  forms  a  lodgment  which  will  hold  all  the  water 
made  in  the  binding.  The  lower  room  in  the  landing  is  narrow,  and  is 
given  a  slight  grade  down  towards  the  deep.  By  this  means  the  water 
is  made  to  press  into  the  angle  of  the  lodgment.  At  this  point  a  hole 
is  bored  through  the  pillar  to  the  deep,  and  the  water  held  back  by  a 
wooden  plug.  Near  the  lowest  landing  on  the  pit  a  large  lodgment, 
known  as  the  "  sump,"  is  cut  in  the  solid  coal,  from  which  the 
pump  draws  the  water.  At  night,  when  the  men  have  left  the  pit,  the 
plugs  are  taken  out  of  the  different  bore  holes,  and  the  water  is  allowed 
to  run  down  to  the  sump  through  channels  cut  in  the  floor.  It  is  then 
pumped  up  to  a  water  level,  near  the  outcrop,  whence  it  runs  off  into 
the  sea. 

By  means  of  these  separate  lodgments  in  the  landings  the  water  is 
kept  well  under  controL  and,  in  the  event  of  any  accident  happening  to 
the  pump,  the  water  could  be  held  back  for  a  month  or  more.  The 
pump  is  set  on  the  second  of  the  main  deeps,  which  is  not  now  used  for 
hauling  coal,  and  is  about  one  hundred  feet  above  the  sump.  The  water 
is  drawn  up  through  seven-inch  iron  pipes  and  discharged  through  five- 
inch  wooden  pipes.  Owing  to  the  acidity  of  the  water,  the  latter  are 
found  to  be  more  durable.    They  are  prepared  by  the  "  Wykoff  process." 

The  pipe,  which  is  two  inches  thick,  is  bored  out  five  inches,  it  is 
then  bound  spirally  with  hoop  iron,  and  the  whole  rolled  in  the  borings 
mixed  with  pitch  to  protect  the  iron  from  the  water.  The  pipes  are 
joined  together  by  means  of  a  spigot  fitting  into  the  end  of  each  length, 
and  can  be  separated  by  sawing  this  spigot  through. 

The  pump  is  direct  acting,  of  the  Knowles  pattern,  having  a  cylinder 
26"x30"  and  running  22  strokes  a  minute  with  a  pressure  of  25  lbs. 
at  the  receiver.  The  plunger,  which  is  8"  in  diameter,  is  made  of 
Babbitt  metal,  a  soft  compound  made  especially  for  resisting  the  action 
of  the  acid  water,  and  containing  65J%  lead,  25%  tin,  5%  copper,  4£% 
antimony.  In  order  to  keep  a  smooth  surface  on  the  pluugers,  they 
are  continually  coated  with  a  mixture  of  tar  and  tallow. 
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A  very  efficient  means  of  destroying  the  exhaust  steam  has  been 
adopted  here.  Instead  of  exhausting  into  the  sump,  as  is  usually  done, 
the  exhaust  pipe  is  led  into  a  sin  ill  upright  box,  into  which  is  directed, 
by  pipes,  the  water  from  one  of  the  upper  landings.  This  water  falling 
upon  the  steam  as  it  leaves  the  exhaust  pipe  kills  it  completely. 

COAL    CLEANING. 

The  tubs  of  coal,  as  they  are  raised  in  the  shaft,  are  at,  once  weigh3d, 
and  then  dumped  through  shoots  into  cars  below.  A  tipping  cage,  or 
tumbling  cage,  as  it  is  called,  is  used  for  upsetting  the  tubs,  and  sending 
the  coal  into  the  shoots.  One  of  these  tumbling  cages  is  shown  in 
Fig.  3,  it  is  built  of  \"  iron  web  plates,  riveted  to  iron  angles,  2"  x  2\" 
with  V  rivets,  and  2^"  spaces.  It  swings  on  an  axle  fastened  to  a  30' 
wheel,  b<»lted  with  six  \"  bolts  to  the  side  of  the  cage.  When  the  cage 
is  inverted,  the  weight  of  the  tub,  as  it  falls  forward,  is  taken  up  by  a 
cross  bar  attached  on  either  side  to  1  \"  x  1^",  J''  angles  riveted  to  sides 
of  the  cage  on  the  inside. 

An  iron  door,  swinging  loose,  is  put  in  above  this  cross-bar,  so  that 
when  the  coal  falls  forward  from  the  inverted  tub  it  is  directed  by  the 
weight  of  the  door  into  the  shoot  without  being  brokeu  up  unnecessarily. 
The  tipping  of  the  cage  is  controlled  by  a  brake  strap  and  lever  on  one 
of  the  wheels,  to  which  the  axles  are  fastened.  The  weight  of  the  full 
tub  when  the  brake  is  taken  off  upsets  the  cage,  and  allows  the  coal  to 
fall  out.  A  heavy  weight  bolted  to  the  bottom  of  the  cage,  as  shown 
in  the  figure,  brings  the  cage  and  empty  tub  back  into  position,  when 
the  brake  is  again  put  on. 

Holes  are  cut  in  the  bottom  of  the  cage  (see  Fig.  5),  through  which 
the  wheels  of  the  tubs  are  greased  while  the  coal  is  being  emptied. 
A  triangular  piece  of  plate  is  riveted  to  the  side  of  the  cage,  which 
projects  beyond  the  cage  resting  on  the  floor  when  the  cage  falls 
back  into  position,  and  holding  it  level  with  the  floor.  The  rails  in  the 
cage  are  turned  up  at  the  end  to  catch  the  forewheels  of  the  tub. 

If  the  coal  is  being  shipped  just  as  it  comes  from  the  mine,  or 
as  "  Run  of  Mine,"  it  is  turned  into  the  shoots,  of  the  form  shown 
in  the  cross  section  in  Fig.  4. 

These  are  of  iron  and  swing  on  an  axle,  their  swing  being  controlled 
by  a  break  strap.  When  the  coal  is  emptied  into  the  shoots,  they  are 
held  up  against  an  iron  plate  suspeuded  from  a  beam  above,  which 
prevents  the  coal  runuing  through  while  it  is  examined,  and  all  splint 
and  "bras  "  coal,  i.e.,  coal  containing  iron  pyrites,  is  taken  out.     The 
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brake  is  then  loosened  and  the  shoot  tipped  by  the  weight  of  the  coal, 
whicli  runs  off  into  a  car  standing  on  a  track  below,  the  shoot  falling 
back  into  its  former  position. 

If  it  I  e  required  to  remove  the  finer  coal  and  dust,  the  iron  plates 
which  formed  the  bottom  of  the  shoots  are  removed,  exposing  a  screen 
of  ^"  bars  with  ^  inch  spaces,  through  which  the  finer  coal  and  dust, 
known  as  slack,  pass  into  a  wooden  shoot  below,  and  slide  back  into  a 
car  standing  on  a  second  track.  The  larger  or  round  coal  passes 
over  the  screen  into  a  car  on  the  first  track.  The  slack  is  sometimes 
subdivided  into  three  finer  grades  of  coal,  stove  coal,  nut  coal,  and  duff 
or  dust.  For  this  work  the  conveyer  and  elevator,  shown  in  Figs.  4 
and  5,  are  employed. 

The  slack  which  passes  through  the  first  screen  instead  of  running 
directly  into  the  car  is  directed  through  a  door  further  down  the  shoot, 
(shown  as  hooked  up,  in  the  cross  section)  and  then  back  into  a  small 
metal  trough  passing  along  beneath  the  screens.  Here  it  is  taken  up 
by  iron  plates  fastened  on  an  endless  chain  worked  by  a  small  donkey 
engine,  and  conveyed  to  an  iron  box  at  the  end  of  the  trough.  From  this 
box  it  is  raised  in  small  iron  buckets  fastened  between  two  endless 
chains  driven  by  a  small  horizontal  engine  on  the  bank  frame,  and 
emptied  into  a  screen  with  J"  spaces,  over  which  passes  the  stove  coal. 

From  this  screen  the  finer  coal  and  dust  pass  on  to  a  netting  of 
heavy  iron  wire  of  § "  square  mesh,  which  is  shaken  from  side  to  side 
by  a  light-angled  lever  having  its  arms  one  on  either  end  of  a  long  rod, 
and  deriving  its  motion  from  an  eccentric  on  the  shaft  of  the  small 
engine  used  for  raising  the  buckets.  The  duff  or  dust  being  shaken 
out,  the  nut  coal  passes  over  the  netting  into  a  shoot  which  leads  it  to 
a  car  below.  This  shoot,  and  that  used  for  the  stove  coal,  are  made 
with  a  bend  in  the  middle  to  prevent  the  coal  being  broken  by  a  long 
straight  drop.  The  duff  is  found  to  answer  in  the  furnaces,  so  that 
nothing  is  wasted.  The  steam  used  by  the  small  engine  on  the  bank  is 
held  in  a  receiver  packed  with  asbestos,  which  is  not  shown  in  the 
diagram. 

SHIPMENT    OP    COAL. 

The  coal  after  being  cleaned  and  put  into  the  cars  is  brought  alone 
the  Company's  line  of  railway  thirteen  miles  to  their  pier  on  Sydney 
Harbour.     The  plan  of  this  pier  is  very  simple. 

There  are  three  tracks ;  those  on  the  outside  being  used  for  full 
and  the  middle  one  for  empty  cars.     The  full  train  is  run  on  to  one  of 
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the  side  tracks,  and  then,  being  broken  up,  the  curs  are  moved  singly 
by  horses.  The  shoots  on  the  body  of  the  pier  are  led  through  holes 
between  the  rails.  The  car  being  drawn  over  the  hole,  the  bottom  is 
allowed  to  drop,  and  the  coal,  falling  into  the  shoot,  runs  down  to  the 
hatch  of  the  vessel.  The  empty  car  is  then  run  on  to  the  empty  track 
in  the  middle  by  means  of  the  turntables  used  for  the  jetties.  At  the  head 
of  the  pier,  and  on  the  jetties  where  the  larger  vessels  are  loaded,  the 
shoots  must  be  thrown  out  some  distance  beyond  the  pier,  and  a  piece 
of  swinging  track  is  used  to  run  out  the  cars  over  the  shoots.  These 
drops  and  shoots  are  supported  by  chains,  and  are  raised  and  lowered 
by  means  of  a  winch  on  a  small  truck,  which  can  be  moved  from  one 
to  another.     The  pier  is  built  on  cribwork  filled  solid  with  stone. 

The  bents  are  sixteen  feet  apart,  twenty  feet  high,  of  fir  timber  12" 
square.  The  planking  is  laid  crosswise,  a  second  row  being  placed 
lengthwise  between  the  tracks  for  the  horse  road. 

The  International  is  a  bituminous  caking  coal,  containing  about 
58%  of  fixed  carbon  and  35%  of  volatile  combustible  matter,  leaving  a 
moderate  amount  of  ash.  it  has  been  carefully  tested  for  steam  pur- 
poses, gas  purposes,  and  locomotive  use,  and  in  each  case  has  proved  to 
be  of  first-class  quality.  The  annual  output  is  something  over  one 
hundred  thousand  tons  for  the  eig;ht  months  during:  which  the  mine  is 
worked. 

From  the  drawings  accompanying  this  Paper  Plate  I  has  been  pre- 
pared. 


Thursday,  29th  January 

The  following  candidates  having  been  balloted  for,  were  declared 
duly  elected  as : 

Members. 

William  Haskins,  John  Francis  O'Rourke, 

William  George  McNeil,        Frank  Edwin  Prince  Turner, 

Associate  Members. 

Charles  Arthur  Millican,     Joseph  Holland  Tessier. 

Associates. 

Henry  E.  Wilfrid  Dorval,       William  Gillespie  Reid. 

Students. 
James  Edwin  Alex.  Moore,      Robert  Leonard  Sherraton. 

The  following  has  been  transferred  from  the  class  of  Students  to  that 
of  Associate  Member: — 

Thomas  Simpson  Russell. 


The   discussion  of  Professor  McLeod's  Paper  on  "  The  Errors  of 
Levels,  etc.,  Part  II,"  occupied  the  evening.* 

*  Printed  in  Vol.  IV,  Part  II,  pp.  299  to  323. 
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Paper  No.  48. 

AN  ENLARGED    WATER-WAY   BETWEEN    THE    GREAT 
LAKES  AND  THE  ATLANTIC   SEABOARD. 

By  E.  L.  Corthell,  M.  Can.  Soc.  C.E. 

The  object  and  scope  of  this  paper  should  be  clearly  stated  at 
the  outset.  The  object  is  to  discuss  the  question  of  the  feasibility  of 
making  an  enlarged  water-way  from  the  great  agricultural  and  manu- 
facturing centres  of  the  West,  bordering  on  the  Great  Lakes,  and  tri- 
butary to  them,  to  the  sea  ports  on  the  Atlantic,  and  to  the  com- 
mercial ports  of  the  Old  World. 

By  an  enlarged  water-way  is  meant  one  capable  of  transporting 
freely,  and  with  the  least  possible  delays,  the  largest  freight  carriers  now 
to  be  found  upon  the  Great  Lakes.  Any  project  for  a  commercial  route 
that  will  not  transport  economically  and  with  speed  vessels  weighing, 
with  their  cargoes,  5000  net  tons,  with  a  draught  of  20  feet,  will  be 
at  once  eliminated  from  this  discussion.  It  would  be  a  waste  of  time 
and  of  public  thought  to  propose,  or  even  dwell  upon,  any  project  that 
is  not  fully  abreast  of  the  commercial  times.  Again,  let  it  be  under- 
stood at  the  outset,  that  no  narrow  channel,  even  with  the  draught  of 
20  feet,  is  to  be  considered  as  at  all  adequate  for  the  wants  of  com- 
merce, or  in  consonance  with  the  principles  of  this  discussion.  Care- 
ful and  thorough  investigation,  comparing  the  cost  of  transportation 
by  the  present  methods  of  rail  and  barge  and  ship  canals,  has  made  it 
evident  that  nothing  but  unrestricted  channels  of  the  very  largest 
dimensions  for  laden  vessels  of  large  tonnage  will  at  all  compare  with 
the  celerity,  economy  and  other  and  numerous  advantages  of  transport- 
ation by  rail,  particularly  in  the  United  States  and  Canada. 

A  glance  over  the  history  of  the  last  half  century  will  show  that  all 
water-way  channels  of  an  artificial  nature  have  been  far  behind  the 
demands  of  the  rapidly  increasing  commerce  and  tonnage  of  vessels  of 
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the  Great  Lakes.  This  has  been  appreciated  by  the  commercial  men 
most  conversant  with  the  conditions,  but  to  the  general  public  the 
necessity  for  larger  channels  has  not  always  been  apparent,  and  appeals 
for  appropriations  by  Governments  for  such  enlarged  channels  have 
been  met  with  opposition. 

Without  regard  to  state  or  national  lines,  commercial  men  of  Can- 
ada and  of  the  northwest  of  the  United  States  have  generally  been  in 
accord  on  the  subject  of  an  enlarged  water-way  to  the  Atlantic 
seaboard.  As  long  ago  as  1863  a  National  Ship  Canal  Convention  was 
held  at  Chicago,  and  5000  delegates  from  all  parts  of  the  United 
States  were  in  attendance.  The  special  object  of  this  Convention 
was  to  advocate  the  enlargement  of  the  canals  between  the  Valley 
of  the  Mississippi  and  the  Atlantic. 

In  1865  it  was  urged  by  an  able  advocate  of  water-way  enlargement 
that  the  commerce  of  the  Northwest  had  increased  to  so  great  a  magni- 
tude, that  it  had  outgrown  the  Erie  Canal  and  demanded  a  through 
route,  not  only  to  the  Atlantic  seaboard  for  its  vessels,  but  to  Liver- 
pool ;  and  it  was  asked  :  "  Why  should  the  lake  cities  with  their 
wealth  and  resources  not  import  for  themselves  and  transact  their  own 
business  ?  The  ocean  is  the  prerogative  of  no  state  of  the  Union, 
and  the  West  will  seek  the  channel  which  conducts  its  commerce  with 
the  least  cost  and  delay." 

Before  the  canals  through  New  York  State  and  Canada  were  even 
laid  out,  the  inland  seas  of  the  continent  were  regarded  as  of  so  great 
importance,  that  a  full  and  adequate  ship  canal  from  them  to  the 
ocean  was  looked  upon  as  absolutely  necessary.  To  obtain  this  has 
been  the  dream  of  commercial  men  during  the  last  three-quarters  of  a 
century.  That  it  has  not  been  realized  is  due  largely  to  the  fact,  that 
the  natural  water-way  lies  through  two  countries  that  have,  as  poli- 
tical divisions,  nothing  in  common.  There  has  not  existed  the  unioa 
of  action  necessary  to  fully  carry  out  the  great  projects  desire 
by  commerce.  These  projects  have  therefore  never  been  taken  up  as 
a  connected  whole  and  pushed  forward  to  legitimate  conclusions. 

It  is  well  known  that  between  the  important  ports  on  Lakes 
Michigan  and  Superior  and  Liverpool  there  are  over  four  thousand 
miles  of  water  navigation,  and  that  only  about  71  of  them  are  re- 
stricted by  natural  obstacles  in  the  channels.  The  object  of  this  paper 
is  to  ascertain,  if  possible,  how  these  natural  obstacles  placed  here  and 
there  in  the  pathway  of  commerce  may  be  removed,  and  steamships 
may  be  built  on  the  Great  Lakes  to  ply  between  their  ports  and  the 
ports  of  the  Atlantic  seaboard  and  of  the  Old  World. 
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The  scope  of  a  paper  discussing  so  broad  a  subject,  and  one,  withal, 
so  important  to  the  commerce  and  industry  of  great  nations,  must  not 
be  too  circumscribed.  The  discussion  must  not  be  limited  to  certain 
special  questions,  but  must  canvass  the  entire  situation,  and,  if  pos- 
sible (being  given  the  privilege  of  selection),  point  out  the  best  route 
and  give  convincing  evidence  of  its  superiority. 

The  question  is  not  one  that  interests  engineers  alone,  and  there 
are  other  than  engineering  principles  involved.  We  are  led  at  once 
into  an  important  commercial  discussion  and  into  the  whole  history  of 
the  great  Northwest,  particularly  of  the  vast  country  tributary  to  the 
Great  Lakes  and  the  St.  Lawrence  River.  It  has  to  be  borne  in 
mind,  also,  that  artificial  lines  of  transportation — that  is,  constructed 
highways  of  commerce — have  covered  the  country  in  every  direction  ; 
that  the  methods  of  transportation  upon  these  constructed  highways 
have  been  vastly  improved  over  those  of  a  quarter  of  a  century  ago, 
and  that  still  greater  improvements  will  be  made  in  the  near  future. 
We  shall,  therefore,  be  obliged  to  take  up  the  subject  something  as 
follows :  — 

1st.  Its  historical  features,  showing  the  development  of  commerce 
and  the  increasing  capacity  of  the  channel-ways  by  water  and  by 
land; 

2nd.   The  physical  conditions  of  the  present  and  proposed  routes  ; 
3rd.   The  financial  and  political  questions  involved  ; 
4th.   The  commercial  features  of  the  subject. 

In  reference  to  the  historical,  a  brief  sketch  will  be  of  interest,  show- 
ing the  changes  in  the  dim  history  of  the  past  made  in  the  Great 
Lakes,  adapting  themselves  finally  to  present  conditions  for  the  benefit 
of  man.  Briefly,  though  not  perhaps  bearing  directly  upon  our  main 
subject,  a  sketch  will  be  given  of  the  commercial  improvement  south- 
ward of  the  Great  Lakes  to  the  Gulf  of  Mexico.  We  will  then  take  up 
the  present  canals  and  channels  built  between  the  Great  Lakes  and  the 
Atlantic  seaboard  in  relation  to  their  history  ;  the  history  of  the  rail- 
road system  and  the  growth  of  railroad  transportation  will  be  briefly 
outlined.  It  will  be  necessary,  also,  to  give  a  brief  history  of  the 
harbour  improvements  upon  the  Great  Lakes,  and  then  in  some  detail 
the  history  of  commerce  shown  by  the  increasing  size  of  vessels,  the 
increase  in  tonnage  and  the  movement  seaward  on  the  Great  Lakes  of  the 
productions  of  the  Northwest.  A  history,  also,  of  the  gradual  reduc- 
tion in  freight  rates,  both  by  railroads  and  canals  on  East  and  West 
routes,  must  be  given.  It  will  be  necessary  to  trace  briefly  the  growth 
in  population,  productions  and  commerce  of  the   country   tributary  to 
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the  Great  Lakes,  and  particularly  of  the  more  important  lake  ports, 
such  as  Chicago,  Duluth,  Cleveland,  Buffalo,  Toronto  and  Montreal.  In 
discussing  the  physical  features  it  will  be  necessary  to  state  the  topo- 
graphical conditions  of  present  and  proposed  routes,  with  estimates  of 
costs  and  the  capacity  of  these  routes  when  completed,  and  give  a 
comparison  of  the  length  of  routes  now  existing  and  projected.  The 
author  having  found  it  necessary  to  discuss  the  feasibility  and  desira- 
bility of  constructing  at  certain  points  on  the  routes  ship  railways,  a 
general  sketch  and  brief  argument  in  favour  of  the  practicability  of 
such  a  method  will  need  to  be  given,  and  a  comparison  made  between 
this  method  and  that  by  ordiuary  canals  and  railroads. 

The  financial  and  political  subject  will  embrace  the  question  of  what 
it  will  cost  each  of  the  two  Governments  to  carry  out  the  plans  pro- 
posed, or  the  cost  to  private  companies  of  constructing  the  proposed 
routes;  and  under  this  subject  the  relations  of  the  two  Governments  to 
each  other,  so  far  as  relates  to  commerce,  must  be  briefly  stated. 

In  discussing  the  commercial  features  it  will  ba  necessary  to  predict 
the  effects  upon  the  various  large  ports  of  the  Great  Lakes  and  the  St. 
Lawrence,  and,  also,  of  the  Atlantic  seaboard,  of  completing  and  putting 
into  operation  the  water-way,  or  the  water-ways,  recommended  ;  and  to 
state  also  the  probable  changes  in  methods  or*  transportation  which  will 
take  place,  and  also  the  change  in  the  methods  of  trade  with  the  Atlan- 
tic seaboard  and  with  Europe,  when  steamers  of  5000  tons  displace- 
ment weight,  when  laden,  are  built  on  the  Great  Lakes,  and  put  in  direct 
trade  between  lake  ports  and  the  ports  of  the  Atlantic  seaboard, 
Great  Britain  and  the  Continent. 

Great  and  astonishing  changes  have  taken  place  in  comparatively 
recent  geological  times  in  the  basins  of  the  Great  Lakes.  There  are  well 
defined  high  water  marks  to  indicate,  at  least,  that  the  three  great 
Northwestern  lakes  were  probably  200  feet  higher  than  they  are  to- 
day ;  that  there  was  a  still  greater  lake,  now  Lake  Winnipeg  ;  that 
the  immense  overflow  from  all  these  lakes  flowed  southward  to  the 
Gulf  of  Mexico ;  and  that  great  areas  of  country  now  inhabited  and 
cultivated  by  man  were  at  that  time  submerged  to  a  great  depth. 

The  great  valleys  of  the  Illinois  River,  the  Minnesota  River,  and  the 
Upper  Mississippi  as  well,  now  occupied  by  comparatively  small 
streams,  prove  conclusively  that  at  a  comparatively  recent  period  there 
flowed  southward  great  volumes  of  water,  and  that  Lake  Winnipeg 
drained  southward,  although  now  draining  northward.  A  hypothesis 
was  advanced,  and  an  endeavour  made  to  sustain  it,  by  the  late  General 
Warren,  to  account  for  this  remarkable  change  in  the  drainage  of  the 
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continent.  He  attributed  it  to  a  great  cyclic  change  in  the  con- 
tinental slopes  which  depressed  the  northerly  part  of  the  continent  and 
raised  the  southerly,  as,  for  instance,  the  Florida  Peninsula,  as  well  as 
Cape  Cod  and  other  formerly  submerged  portions  of  the  Atlantic 
Coast.  This  great  southerly  current  of  the  vast  interior  basins  of 
fresh  water  of  the  continent  was  hemmed  in  on  the  south  by  an  ancient 
barrier,  which  evidently  crossed  the  Mississippi  near  Grand  Tower, 
111. ;  but  the  waters  gradually  cut  their  way  through,  and  thus  largely 
drained  the  great  inland  sea.  Either  by  this  means  or  by  the  changes 
in  the  continental  slopes,  the  waters  were  drained  from  the  land,  and 
the  conditions  were  slowly  changed  until  we  have  the  Great  Lakes  of 
to-day. 

At  Chicago  is  the  lowest  line  in  the  cross-section  of  the  trough  or 
"  thalweg  "  through  which  the  waters  of  the  lakes  flowed  southward. 
The  bottom  of  this  trough  is  only  about  8  ft.  above  the  present  level  of 
Lake  Michigan,  with  a  natural  drainage  and  a  steep  slope  down  the 
Illinois  River  Valley  from  the  immediate  suburbs  of  the  city.     At  this 
location  has  been  built  within  the  last  half  century  the  second  city  of  the 
continent,  and  at  this  point,  connecting  the  lake  with  the  tributaries  of 
the  Mississippi  River,   there  was  projected    in  1670  a  canal  to   the 
Illinois  River.  It  was  proposed  by  one  of  the  earliest  pioneers — Joliet — 
to  dig  a  canal  across  the  Chicago  Divide  for  commercial  and  military 
purposes.     In  1804  Albert  Gallatin,  secretary  of  the  Treasury  of  the 
United  States,  spoke  of  the  national  character  of  this  proposed  water- 
way.    In  the  first  comprehensive  report  on  internal  communication, 
DeWitt  Clinton  and  Gouverneur  Morris  in  1808  to  1825  urged  the 
"  proposed  ship  canal  "  as  an  extension  of  the  Erie  Canal  to  the  Mis- 
sissippi, in  order  to  open  up  water  communication   by  the  lakes  from 
the  Hudson  River  to  the  Gulf  of  Mexico.     The  Congress  of  the  United 
States  assisted  in  the  project,  and  made  a  land  grant  of  284,000  acres 
in  1827  for  the  construction  of  the  work.     The  first  canal  was  opened 
for  navigation  in  1848.     In  1865  the  State  of  Illinois  provided  for  its 
completion  ;  it  was  completed  by  the  city  of  Chicago  for  drainage  pur- 
poses in  July,  1871,  but  the  flow  through  it  proved  insufficient  for  the 
purpose,  and  in  1881  the   State   required  the  city  to   erect  pumping 
machinery  of  a  capacity  of  not  less  than  60,000  cubic  feet  per  minute, 
which  was  put  into   operation  in  1884.     The  original  canal  was  six 
feet  deep,  sixty  feet  wide  at  surface,  thirty-six  feet  wide  at  bottom 
in  earth,  and  forty-six  wide  in  rock,  with  locks,  one  hundred  and  ten 
feet  long,  eighteen  feet  lift  and  six  feet  on  the  miter  sills. 

The  rapid  growth  of  the  city  requires  a  much  more  adequate  drain- 
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age  for  its  sewage  than  is  now  provided.  This  is  necessary  to  prevent 
the  pollution  of  the  only  source  of  its  water  supply,  and  to  carry  the 
lewage  away  from  the  city  as  quickly  as  possible.  A  channel  for  drain- 
age purposes  as  well  as  for  navigation  purposes  has  been  authorized  by 
the  State  Legislature.  Nearly  the  entire  area  of  the  city  has,  under 
the  State  law,  been  org  mized  into  a  drainage  district.  The  law 
requires  (and  this  requirement  it  may  be  stated  was  demanded  by  the 
towns  and  cities  located  along  the  Illinois  River)  a  continuous  flow  of 
not  less  than  300,000  cubic  feet  per  minute,  with  a  current  not  exceed- 
ing three  miles  an  hour  and  600,000  cubic  feet  per  minute,  when  the 
population  of  the  district  draining  into  the  channel  exceeds  1,500,000, 
with  a  requirement  for  a  still  larger  volume  when  the  population 
exceeds  the  number  last  named.  It  is  specified  that  the  water  shall 
not  be  less  than  eighteen  feet  deep  through  the  channel,  and  that  the 
width  of  the  channel  shall  not  be  less  than  one  hundred  and  sixty  feet 
at  the  bottom.  By  a  joint  resolution  the  Legislature  requests  the 
United  States  Government  "  to  aid  in  the  construction  of  a  channel  not 
less  than  160  feet  wide  and  22  feet  deep,  with  such  a  grade  as  to  give 
a  velocity  of  3  miles  per  hour  from  Lake  Michigan  at  Chicago  to  Lake 
Joliet,  a  pool  of  the  Des  Plaines  River  immediately  below  Joliet,  and 
to  project  a  channel  of  similar  capacity  and  oot  less  than  14  feet  deep 
from  Joliet  to  La  Salle,  all  to  be  designed  in  such  manner  as  to  per- 
mit future  development  to  a  greater  capacity."  It  is  apparent  from  the 
rapid  growth  of  the  city,  that  long  before  these  works,  so  great  in 
magnitude,  and  costing  probably  twenty-five  or  thirty  millions  of  dollars, 
shall  have  been  completed,  there  will  be  at  least  2,000,000  of  people  in 
the  drainage  district.  The  normal  growth  of  the  city  will,  no  doubt, 
make  the  population  as  great  as  this  before  the  year  1900.  The  large 
quantity  of  water  to  be  sent  through  this  channel  into  the  Illinois 
River  Valley  will,  it  is  expected,  raise  the  low  water  level  of  the  Illinois 
River  about  7  feet,  and  that  of  the  Mississippi  River  at  St.  Louis  at 
least  one  foot,  and  probably  six  inches  at  Cairo  at  the  junction  with 
the  Ohio  River.  On  the  Mississippi  River  itself  the  United  States 
Government  is  expending  large  sums  of  money  in  deepening  and  rec- 
tifying the  channel  for  navigation,  with  the  ultimate  purpose  of  obtain- 
ing a  minimum  depth  of  10  feet  at  low  water  between  New  Orleans 
and  Cairo,  a  distance  of  about  1000  miles  by  the  course  of  the  river. 
As  is  well  known,  it  has  expended  a  large  amount  of  money  in  remov- 
ing the  obstructions  at  the  mouth  of  the  Mississippi,  and  has  created  by 
the  works  there  a  channel  30  feet  deep  between  the  river  and  the  Gulf 
of  Mexico.     This  result  was  obtained  in  1879,  and  the  channel  has 
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increased  rather  than  diminished  in  size  since  that  day  through  the 
jettied  channel.  As  incidentally  of  interest,  it  may  be  stated  that  the 
United  States  Government  is  about  to  connect  the  navigable  waters  of 
the  Illinois  River  with  those  of  the  Mississippi  River  by  a  canal  across 
the  country  from  Hennepin  on  the  Illinois  River  to  Rock  Island  on 
the  Mississippi  River.  This  is  not  to  be  a  ship  canal  but  a  boat  and 
barge  canal.  The  depth  on  the  miter  sills  of  the  locks  is  to  be  7 
feet,  the  width  at  surface  of  the  water  80  feet,  and  the  locks  are  to  be 
170  feet  by  30  feet.  There  will  be  37  of  these  locks.  The  height  to 
be  surmounted  from  Hennepin  going  westward  to  the  summit  in  a  dis- 
tance of  20  miles  is  208  feet.  The  difference  in  level  between  this 
summit  and  the  Mississippi  River  at  Rock  Island  is  102  feet,  the 
length  of  the  canal  will  be  77  miles.  The  entire  distance  between 
Chicago  on  Lake  Michigan  and  Rock  Island  on  the  Mississippi  River, 
by  way  of  the  Illinois  River  and  the  Illinois  and  Mississippi  canal, 
will  be  193^-  miles.  The  plans  are  made  for  the  work,  and  con- 
struction is  expected  to  begin  soon. 

One  question  in  relation  to  the  proposed  drainage  and  water-way 
channel  between  Chicago  and  the  Mississippi  River  is,  what  effect,  if 
any,  will  the  abstraction  of  so  large  a  volume  of  water  from  Lake 
Michigan  have  upon  the  level  of  that  lake  and  of  Lake  Huron  and 
upon  the  volume  flowing  through  the  Detroit  River  into  Lake  Erie  ? 
This  is  an  international  question,  and  should  be  briefly  considered  in 
connection  with  the  general  subject  which  we  are  discussing. 

On  September  8,  1888,  a  paper  by  Mr.  George  Y.  Wisner,  civil 
engineer,  was  read  before  the  Western  Society  of  Engineers,  entitled  : 
"  Levels  of  the  Lakes  as  affected  by  the  proposed  Lake  Michigan  and 
Mississippi  Water-way."  Mr.  Wisner  had  had  at  that  time  about  20 
years'  experience  on  the  rivers,  harbours  and  lakes  of  the  Northwest, 
and  was  connected  with  the  Great  Lakes  surveys.  The  facts  which 
he  gave  and  his  discussion  of  the  subject  were  reviewed  by  several 
hydraulic  engineers  of  the  country.  This  discussion  in  printed  form 
accompanies  the  present  paper  for  the  purpose  of  information.  It  is 
not  intended  here  to  do  more  than  to  state  the  general  opinion  on  the 
subject  as  given  by  those  who  took  part  in  the  discussion.  The  opinion 
as  stated  by  Mr.  Wisner  was  that  "  probably  the  low  water  level  of  the 
lake  would  never  be  affected  to  exceed  2-|  in.  by  withdrawing  10,000 
cubic  feet  per  second  from  Lake  Michigan  for  the  proposed  water- 
way. The  lowest  stage  occurs  in  Winter  when  navigation  is  closed." 
"  The  annual  rise  of  the  lake  usually  covers  a  period  of  about  four 
months,  and  consequently  the  variation  in  the  yearly  fluctuation  of  the 
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lake  surface,  due  to  withdrawing  such  a  volume  of  water,  could  not 
exceed  one  inch."  "  When  we  consider  that  hourly  fluctuations  of  the 
lake  surface  of  from  6  to  30  inches  in  amplitude  are  constantly  taking 
place,  it  is  evident  that  the  withdrawal  annually  of  a  volume  of  water 
from  Lake  Michigan,  equivalent  to  3  inches  in  depth  over  the  surfaces 
of  the  two  lakes,  would  not  be  appreciable  in  any  ordinary  set  of  gauge 
readings,  and  would  certainly  have  but  little  effect  upon  the  depth  of 
water  in  the  connecting  water-ways."  Somewhat  similar  artificial 
conditions  have  been  produced  by  the  deepening  of  the  St.  Lawrence 
rapids  below  Ogdensburg  from  10  to  16  feet,  adding  from  6  to  8  per 
cent,  to  the  free  channel  of  the  river.  The  question  was  considered  at 
that  time,  and  was  referred  to  the  United  States  Engineer  Department, 
and  the  conclusion  from  the  investigation  was,  that  the  effects  would 
extend  to  no  great  distance,  and  that  the  level  of  Lake  Ontario  would 
not  be  impaired.  The  deepening  at  the  Lime  Kiln  Crossing  of  the 
Detroit  River  where  the  depth  has  been  increased  from  13  to  20  feet, 
and  at  the  St.  Clair  Flats  which  have  been  deepened  from  9^  to  nearly 
20  feet,  are  cases  generally  similar  to  what  is  practically  the  deepening 
of  the  channel  now  existing  between  Lake  Michigan  and  the  Illinois 
River,  and  yet  no  injurious  results  have  been  experienced  or  are  they 
anticipated.  We  may,  therefore,  dismiss  any  fears  that  may  exist  in 
regard  to  the  deleterious  effects  of  this  channel-way  upon  the  harbours 
and  the  connecting  water-ways  of  the  lakes. 

Taking  up  again,  after  this  diversion,  the  general  features  of  our 
subject,  with  the  intention  of  following  it  through  in  its  logical  order, 
we  should  look  upon  the  Great  Lakes,  so  called,  or  really  inland  seas 
of  fresh  water  of  immense  magnitude,  as  simply  the  enlargement  of  the 
St.  Lawrence  River  into  which  they  pour  their  surplus  waters.  This 
chain  of  lakes,  or  the  river,  has  its  source  in  Eastern  Minnesota  at  the 
head  of  St.  Louis  River,  and  almost  coincident  with  the  source  of  the 
Mississippi  and  the  Red  River  of  the  North.  The  river  ends  at  Cape 
Gasps'  at  the  head  of  the  Gulf  of  St.  Lawrence. 

We  are  contemplating  the  most  magnificent  inland  navigation  in  the 
world.  The  basin  of  its  drainage  is  457,000  square  miles.  Lake 
Superior,  the  largest  body  of  fresh  water  on  the  globe,  has  an  area  of 
31,200  sq.  miles.  It  is  412  miles  in  length  and  167  miles  in  breadth, 
with  a  maximum  depth  of  about  1000  feet.  Its  surface  is  602  feet 
above  mean  high  tide  of  the  ocean.  The  outlet  of  this  lake  is  the  St. 
Mary's  River,  55  miles  in  length.  The  difference  of  elevation  between 
Lake  Superior  and  Lake  Huron  is  22  feet,  of  which  18  feet  is  in  the  St. 
Mary's  Rapids  which  are  one  half  mile  in  length.     Lake  Huron  is  265 
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miles  long,  101  miles  broad,  with  a  maximum  depth  of  702  feet,  and  is 
581  feet  above  sea  level.  The  area  of  this  lake  varies,  by  different 
authorities,  from  15,760  square  miles  to  23,800,  depending  upon  what 
areas  of  adjacent  bays  are  included.  Lake  Michigan,  connecting  with 
Lake  Huron  by  the  Straits  of  Mackinaw,  is  345  miles  long,  8+  miles 
wide,  and  581  feet  above  sea  level.  Its  area  is  22,450  sq.  miles.  Lake 
Huron  discharges  southward  through  the  St.  Clair  River,  33  miles  in 
length,  Lake  St.  Clair  21  miles,  and  the  Detroir  River  18  miles  in 
length,  and  then  into  Lake  Erie  which  is  250  miles  lon^  by  60  miles 
wide,  with  an  area  of  0060  sq.  miles.  Its  maximum  depth  is  201  feet. 
It  is  573  feet  above  tide  and  is  326  feet  above  Lake  ( )ntario,  which  is 
the  next  enlargement  eastward  of  the  St.  Lawrence  chain.  The  Nia- 
gara River  between  these  two  latter  lakes  is  33  miles  in  length ;  Lake 
Ontario,  the  most  eastern  of  the  lakes,  is  190  miles  long,  54  miles  in 
width,  and  has  a  maximum  depth  of  738  feet,  and  is  247  feet  above  the 
sea.  Its  area  is  7240  sq.  miles.  From  the  city  of  Kingston  at  the 
eastern  end  of  Lake  Ontario  to  the  ocean  the  distance  is  1164  miles, 
though  Cape  Gasp-.',  which  is  considered  the  mouth  of  the  St.  Law- 
rence River,  is  400  miles  from  the  ocean. 

The  St.  Lawrence  between  Ogdensburg  and  Montreal  is  obstructed 
by  rapids  at  several  places,  which  have  been  improved  either  by  remov- 
ing the  obstructions  in  the  natural  channels  or  by  flanking  them  with 
artificial  canals.  From  Montreal  to  the  Gulf  of  St.  Lawrence  a 
navigable  depth  for  ocean  vessels  exists  by  nature,  except  at  a  few 
points  where  the  channel  has  been  improved  by  dredging  to  over  27 
feet  and  to  ample  width.  The  improvement  in  the  St.  Lawrence  River 
from  Lake  Ontario  to  the  Gulf  of  St.  Lawrence  has  been  made  by 
and  at  the  expense  of  the  Canadian  Governm  nt. 

The  historical  features  will  embrace  a  sketch  of  each  of  the  following 
constructed  works  :  the  St.  Mary's  Falls  Canal,  between  Lake  Superior 
and  Lake  Huron ;  the  St.  Clair  River  and  Lime  Kiln  Flats  improve- 
ments between  Lake  Huron  and  Lake  Erie  ;  the  Wellmd  Canal,  join- 
ing Lake  Erie  and  Lake  Ontario ;  the  Trent  River  navigation, 
between  Lake  Huron  and  Lake  Ontario ;  the  St.  Lawrence  River 
improvements  ;  the  Erie  and  Oswego  Canals,  in  New  York  State  ; 
the  Lake  Champlain  and  Hudson  River  Route  in  New  York. 

In  the  "  physical  features  "  will  be  included  a  brief  history  of  the 
following:  projects  :  the  Ottawa  Ship  Canal  between  Georgian  Bay  and 
Montreal,  the  Georgian  Bay  and  Toronto  Ship  Canal,  and  its  successor 
the  Hurontario  Ship  Railway,  the  Niagara  Falls  Ship  Canal  and  Ship 
Railway  on  the  United  States  side  of  the  river,  the  Michigan    Pen- 
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insula   Ship   Canal  aud  Ship  Railway,  and  the  projected  Ship   Canal 
via  Lake  Champlain. 

A  sketch  of  the  railroad  history  will  be  briefly  given. 

The  Map  Plate  II  shows  the  present  and  proposed  rout.  s. 

ST.  mary's  falls  canal. 
(Commonly  called  the  Sault  Ste.  Marie.) 

As  early  as  1837,  the  project  of  building  a  ship  canal  around  the 
Falls  of  St.  Mary's  River  was  discussed  in  the  Legislature  of  the  State 
of  Michigan.  The  matter  was  brought  before  Congress  in  1840,  but 
was  opposed,  one  of  its  opponents — the  distingushed  Henry  Clay — 
speaking  of  it  as  "  a  work  beyond  the  remotest  settlement  in  the  United 
States,  if  not  in  the  moon."     This  was  only  half  a  century  ago. 

The  first  step  taken  by  the  General  Government  of  the  U.  S.  towards 
the  improvement  of  this  water-way  was  in  1852,  750,000  acres  of 
public  land  being  donated  to  the  State  of  Michigan,  to  enable  it  to 
construct  the  canal,  and  a  right  of  way  400  feet  wide  granted  through 
the  Military  Reservation  at  the  Falls  of  St.  Mary's  River,  on  which  to 
build  the  work.  The  conditions  were  that  the  canal  should  be  at  least 
100  feet  wide  with  a  depth  of  12  feet,  with  locks  250  feet  long  and  60 
feet  wide.  The  canal  was  opened  to  commerce  in  1855 ;  the  locks 
(two  in  number)  were  220  feet  long  and  70  feet  wide.  In  1882  nearly 
$2,500,000  had  been  expended  on  the  canal  and  its  approaches.  The 
prism  of  the  canal  had  been  changed  from  a  uniform  width  of  100  feet 
to  a  width  varying  from  500  feet  at  the  upper  entrance  to  108  feet  at 
the  narrowest  part  and  270  feet  immediately  below  the  locks,  and  the 
depth  from  12  feet  to  16  feet  at  a  mean  stage.  A  new  lock  had  been 
constructed  515  feet  long  and  80  feet  wide  with  17  feet  of  water  on  the 
miter  sills.  These  dimensions,  however,  proving  inadequate  for  the 
rapidly  increasing  size  and  draught  of  vessels,  Congress  in  1886  provid- 
ed for  a  still  larger  lock,  based  upon  a  navigation  of  20  feet  depth 
through  the  canal  and  its  approaching  channels .  The  new  lock  is  to 
be  800  feet  long  between  the  gates  and  100  feet  wide,  with  21  feet 
depth  of  water  on  the  miter  sills.  The  estimate  for  an  enlargement 
of  the  canal  and  the  construction  of  this  lock  is  $4,738,865.  The 
lock  overcomes  a  height  of  18  feet.  This  lock  is  now  under  construc- 
tion. 

ST.  CLAIR  RIVER  IMPROVEMENTS. 

The  next  obstruction    to  be  overcome  is   between  Lake  Huron  and 
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Lake  St.  Clair.  A  canal  through  what  is  called  the  St.  Clair  Flats 
was  projected  in  1866  for  the  purpose  of  obtaining  a  straight  channel 
(in  place  of  the  tortuous  natural  channel),  13  feet  deep,  300  feet  wide 
and  about  1£  miles  in  length,  each  side  being  protected  by  timber 
dikes  resting  on  piles ;  the  cribs  thus  formed  being  filled  with  material 
dredged  from  the  channel  and  backed  by  dredged  material.  In  1873 
the  channel  was  deepened  to  16  feet  by  dredging  a  width  of  100  feet 
on  each  side  of  the  channel  axis.  Here  also  it  was  found  necessary  to 
deepen  and  enlarge  the  channel  for  the  enlarging  commerce.  The 
project  now  contemplates  a  double  row  of  sheet  piling  to  a  depth  of  26 
feet  along;  the  channel  face  of  each  of  the  old  dikes,  dredging  the  area 
between  the  dikes  to  a  depth  of  20  feet,  and  continuing  the  channel 
above  and  below  the  canal  to  the  same  depth  in  the  river  and  in  the 
lake.     On  this  work  there  has  been  expended  nearly  $700,000. 

The  Lime  Kiln  Crossing  at  the  mouth  of  the  Detroit  River  is  also 
being  deepened  to  20  feet.  The  depths  demanded  by  and  obtained 
for  the  increasing  commerce  through  these  channels  have  been  as 
follows : — 

1858  9^     ft,  1871   12   ft. 

1874  13     "  1885  16  « 

1890  20     " 

WELLAND   CANAL. 

The  history  of  this  important  artificial  water-way  connecting  Lakes 
Erie  and  Ontario,  by  flanking  Niagara  Falls  and  surmounting  a 
height  of  about  326  feet,  is  too  varied  in  its  nature  and  has  too  many 
details  to  burden  this  paper  with  more  than  a  brief  summary.  It  is 
nearly  three-quarters  of  a  century  since  the  building  of  this  canal  was 
taken  under  serious  consideration.  The  first  project  was  to  build  a 
canal  and  railroad  combined,  that  was  in  1824,  but  the  railroad  fea- 
ture was  dropped,  and  the  work  began  with  wooden  locks  110  feet  long, 
22  feet  wide,  with  8  feet  of  water  on  the  miter  sills.  Water  was  let 
into  the  canal  in  1829,  and  two  vessels  were  taken  from  Lake  Ontario 
to  Port  Robinson  on  the  Welland  River  in  that  year.  The  financial 
embarrassments  of  the  Company,  however,  compelled  it  to  obtain  a 
grant  from  the  Canadian  Government,  one  of  the  requirements  of  which 
was  the  extension  southward  to  Lake  Erie  on  nearly  the  same  line  as 
now  exists.  The  canal  was  open  to  the  passage  of  vessels  in  1833. 
The  channel  was  narrow  as  well  as  the  locks.  In  1841  the  Government 
appropriated  some  money  towards  the   enlargement  and  improvement 
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of  the  canal  and  to  make  the  structures  permanent.  According  to  the 
decision  of  18-43,  the  locks  were  to  be  made  150  feet  long  by  26^  feet 
wide,  with  9  feet  on  the  sills,  with  1 1-|  feet  of  water  on  the  sills  in 
the  entrance  locks.  The  estimated  width  of  the  straight  parts  of  all 
the  reaches  was  to  be  not  less  than  26  feet.  This  enlargement  fully 
doubled  in  capacity  both  the  prism  and  locks  of  the  original  design.  In 
1880  another  enlargement  more  than  trebled  the  size  of  18-13,  the  width 
being  100  feet  at  the  bottom.  The  tonnage  of  vessels  that  could  pass 
through  the  canal  at  that  time  was  fully  six  times  greater  than  that 
which  could  pass  through  the  original  canal  in  1841.  There  were  at 
that  time  (1880)  27  locks,  each  270  feet  by  45  feet.  But  these  dimen- 
sions proved  entirely  inadequate  to  the  size  of  vessels,  and  another  en- 
largement took  place,  the  locks  of  which  are  270  feet  by  45  feet  with  14 
of  water  on  the  miter  sills.  These  are  the  dimensions  of  to-day.  The 
length  of  the  canal  is  now  26f  miles.  There  are  three  guard  gates 
and  25  lift-locks.  The  total  rise,  or  lockage,  is  326f  feet.  It  may 
be  interesting  to  know  that  there  has  been  expended  on  this  canal  up 
to  the  present  time,  or  to  1889,  $23,787,950.30  according  to  the  offi- 
cial reports. 

TRENT    RIVER   NAVIGATION. 

This  canal,  or  series  of  canals,  and  open  navigation  of  rivers  and 
lakes,  is  mentioned  simply  for  the  reason  that  at  times  in  the  past  it 
has  been  suggested  as  a  possible  route  for  a  large  ship  canal.  This 
navigation  is  a  series  of  disconnected  water  stretches,  extending  from 
Trenton  at  the  mouth  of  the  Trent  River  at  the  Bay  of  Quinte, 
Lake  Ontario,  to  Lake  Huron,  but  this  route  has  never  been  used  for 
anything  except  local  traffic,  as  it  has  a  depth  of  but  5  or  6  feet.  The 
entire  length  of  the  route  is  about  201  miles.  The  beginning  of  the 
work  dates  back  to  1837.  The  total  lockage  of  the  Trent  Valley  route 
is  1044  feet.  The  impracticability  of  transferring  this  circuitous 
route  over  an  undulating  country  into  a  ship  canal  of  adequate  dimen- 
sions to  carry  the  traffic  of  the  Great  Lakes  to  the  seaboard  is  apparent 
without  any  argument. 

THE  ST.  LAWRENCE  IMPROVEMENTS. 

These  improvements  have  consisted  partly  in  dredging  and  remov- 
ing obstructions  from  the  natural  channel,  but  mostly  in  the  construc- 
tion of  canals  to  flank  the  very  troublesome  and  dangerous  rapids 
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which  exist  at  places  between  Kingston  and  Montreal.  The  canals 
are  the  Lachine  near  Montreal,  Beauharnois,  Cornwall,  Farran's  Point, 
Rapide  Plat  and  Galops,  their  combined  length  being  43£  miles — 
Lachine  8^,  Beauharnois  11  ^,  Cornwall  11|,  Farran's  Point  f-,  Rapide 
Plat  4,  and  Galops  7-f  miles.  In  1841,  when  the  system  of  canals 
between  Montreal  and  Lake  Ontario  was  designed,  it  was  intended  to 
obtain  a  depth  of  9  feet,  but  on  account  of  fluctuations  in  the  river  itself 
the  depth  in  the  canal  could  not  always  be  maintained.  At  times  it 
fell  in  some  of  the  canals  to  6  ft .  7  inches. 

In  1871  it  was  decided  to  enlarge  the  canals  on  the  St.  Lawrence, 
to  afford  a  navigable  depth  of  12  feet  throughout,  and  then  again 
shortly  afterwards  it  was  decided  that  the  ultimate  depth  should  be 
sufficient  to  accommodate  vessels  of  14  feet  draught.  Work  has  been 
carried  on  since  that  time  with  this  object  in  view,  the  locks  are  to  be 
270  feet  long  between  the  gates,  45  feet  wide,  and  with  a  clear  depth 
of  14  feet  on  the  sills.  This  work  has  not  been  entirely  completed, 
but  for  the  purposes  of  this  paper  and  the  estimates  which  will  follow 
for  a  still  larger  water-way,  the  work  is  assumed  to  be  entirely  per- 
formed. In  round  numbers  it  may  be  stated  that  the  entire  amount 
expended  on  the  St.  Lawrence  system  from  Lake  Erie  to  Montreal  is 
about  41£  million  dollars,  and  it  may  be  estimated  that  it  will  require 
to  obtain  a  depth  everywhere  in  the  river  and  in  the  canals  of  14  feet 
12f  millions  more,  or  about  $54,000,000  in  all,  not  including  the 
cost  of  the  construction  of  the  canal  at  the  Sault  Ste.  Marie  and  other 
necessary  improvements.  Therefore,  to  obtain,  between  Lake  Sup- 
erior and  Montreal,  a  full  depth  of  14  feet,  it  will  cost,  all  told,  about 
$60,000,000. 

ERIE    AND    OSWEGO    CANALS. 

While  it  is  not  probable,  and  perhaps  not  possible,  that  the  Erie 
Canal  can  ever  be  made  to  perform  a  greater  part,  or  as  great  a  part, 
in  the  development  of  the  country  than  it  has  already  performed,  yet 
on  account  of  its  past  usefulness  it  is  necessary  to  briefly  sketch  its 
history. 

\X  extends  from  Buffalo  on  Lake  Erie  to  Albany  on  the  Hudson 
River,  a  distance  of  350.5  miles,  with  71  locks  7  feet  deep,  110  feet 
long  and  18  feet  wide.  The  total  lockage  is  657  feet.  This  was  in 
1865,  and  the  total  cost  of  the  canal  up  to  that  time  had  been  $38,- 
977,830. 

The   Oswego  branch  of  the  Erie   Canal  leaving  Lake  Ontario  at 
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Oswego  is  38  miles  in  length,  and  it  descends  155  feet  from  the  Erie 
Canal  to  Lake  Ontario  with  18  locks  110  feet  long  by  18  feet  wide. 
The  total  cost  in  1865  had  been  $3,077,429.  Improvements  and 
enlargements  have  been  made  from  time  to  time. 

The  entire  expenditure  on  the  Erie    Canal  up  to  1886  had  been 
8133,000,000. 

LAKE    CHAMPLAIN   AND  HUDSON  RIVER. 

The  present  route  of  this  canal  is  from  Sorel  on  the  St.  Lawrence 
River,  46  miles  below  Montreal,  up  the  Richelieu  River  through  the 
St.  Ours  Lake  to  the  Basin  of  Chambly,  thence  up  the  Chambly  Canal 
to  St.  Johns  arid  the  River  Richelieu  to  Lake  Champlain,  the  distance 
in  Canada  being  81  miles,  thence  up  Lake  Champlain.  At  Whitehall, 
the  southern  end  of  Lake  Champlain,  the  Champlain  Canal  is  entered, 
and  connection  is  obtained  with  the  Hudson  River.  The  total  distance 
to  Albany,  7  miles  of  which  is  by  the  Erie  Canal,  is  265  miles.  The 
total  lockage  from  the  St.  Lawrence  River  to  the  summit  level  of  the 
Champlain  Canal  is  130^  feet  upwards,  and  the  total  lockage  down  to 
Albany  150  feet.  The  total  distance  to  New  York  by  this  route  is  411 
miles.  The  canal  is  generally  of  very  moderate  proportions,  being 
about  36  feet  wide  at  the  bottom  with  7  feet  of  water  on  the  sills. 

RAILROADS. 

One  of  the  most  important  factors  in  transportation  during  the 
last  half  century  has  been  the  railroad.  Its  growth,  especially  in  the 
United  States,  has  been  almost  marvelous.  Its  effect  upon  the  cost 
of  transportation  has  been  to  continually  reduce  it,  principally  by 
competition  with  waterways  and  among  the  various  lines  of  railroads. 
The  methods  have  become  so  nearly  perfect,  and  the  cost  of  transport- 
ing goods  so  greatly  reduced,  that  the  ordinary  barge  canal,  which 
before  the  advent  of  the  railroad  played  so  important  a  part  in  the 
development  of  the  country,  will  not  in  any  sense  compete  with  it. 
Over  one  half  of  the  entire  mileage  of  canals  of  half  a  century  ago  has 
been  abandoned,  many  of  the  old  canal  beds  have  been  used  for  rail- 
road tracks, — those  that  do  exist  are  for  special  purposes,  and  most 
of  them  survive  by  the  generosity  of  the  States,  which  have  removed 
all  tolls  from  them  and  have  maintained  them  at  the  public  expense. 
It  is  not  intended  by  this  statement  to  depreciate  the  immense  value 
which  these  former  means  of  transportation  have  been  to  the  country, 
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but  to  state  that  a  better  method  has  come,  and  that  the  only  possible 
means  of  competing  with  this  better  method  is  to  make  one  better 
still. 

Since  1840  the  growth  of  the  railroad  system  tributary  to  and  bor- 
dering upon  the  Great  Lakes  has  been  as  follows  :  In  1840  there 
were  in  this  tributary  country  in  the  United  States  89  miles  of 
railroad  ;  in  1850, 1276  miles ;  in  1860,  10,238  miles  ;  in  1870, 19,703 
miles;  in  1880,  37,456  miles;  in  1889,63,688.  In  1889  these  railroads 
moved  208,179,478  tons  of  freight.  In  Canada  there  were  in  1889, 
in  its  two  principal  railroad  systems,  8087  miles,  making  a  total  more 
or  less  tributary  or  adjacent  to  the  Great  Lakes  and  the  St.  Lawrence 
River  of  70,775  miles.  These  railroads  have  in  connection  with  the 
transportation  facilities  of  the  lakes  built  up  great  centres  of  popula- 
tion and  trade.  These  cities  lie  directly  upon  what  may  be  made  a 
continuous  and  adequate  water-way  to  the  seaboard.  The  immense 
commercial  business  which  is  transacted  annually  at  one  of  these  great 
commercial  ports  may  be  appreciated  by  an  examination  of  the  follow- 
ing statement  of  the  traffic  at  the  city  of  Chicago  in  1889  :  — 

Length   of  main  lines  of  railroad  terminating  at 

Chicago 54,411  miles. 

Number  of  freight  cars  received  and  forwaided.       4,248,769 
Tons  of  freight  received  and  forwarded ,    43,013,444 

While  the  railroads  with  their  important  facilities  carried  a  larger 
part  of  the  products  westward,  the  record  of  1889  shows  that  there 
were  transported  on  the  lake  two-thirds  of  all  the  cereals  that  went 
eastward. 

HARBOURS. 

The  United  States  Government,  has  not  only  deepened  the  channels 
between  the  lakes,  and  vastly  improved  them  for  a  large  traffic  and  for 
the  increasing  size  of  vessels,  but  it  has  inaugurated  a  system  of  har- 
bour improvement  of  equal  capacity.  Its  present  policy  is  to  improve 
the  harbours  of  the  principal  ports,  so  that  there  will  be  a  depth  of  20 
feet,  the  depth  of  the  entrance  channels  to  be  the  same.  In  harbours 
of  minor  importance  the  depth  of  the  entrance  to  depend  upon  the 
improvements  of  the  harbour  and  the  facility  with  which  it  may  be 
improved.  The  average  depth  at  present  in  the  harbours  of  the  large 
and  important  ports  is  16  feet. 
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COMMERCE. 

1st.  Increase  in  the  size  of  vessels. 

In  1859,  36  of  the  largest  propellers  on  the  Great  Lakes  averaged 
jabout  700  tons  net  register.  The  largest  was  981  tons  and  the  smallest 
jof  this  number  583.  The  draft  when  fully  loaded  was  about  11  feet, 
greatest  draft  11 J  ft.  Without  tracing  the  growth  of  intermediate  steps, 
it  may  be  stated  that  iu  1890,  what  is  called  the  business  fleet  of  the 
Great  Lakes  consisted  of  2055  vessels  of  826,360  net  register  tons.  Its 
value  is  858,125,500.  Of  these  1153  are  steam  vessels,  232  of  these 
steamers  are  over  1000  tons  register,  110  are  over  1500  tons,  and  half 
of  the  larger  class  range  from  1600  to  over  2100  tons  net  register,  and 
carry  a  cargo  of  from  2850  net  toes  to  over  3700.  The  draft  of  these 
vessels  is  at  present  limited  by  the  depths  of  the  channels  and  harbours, 
being  a  maximum  of  about  16^  feet,  but  many  of  them  could  safely 
pnd  profitably  load  to  19  or  20  feet. 

The  Inland  Lloyd  Register  of  1886  shows  a  total  valuation  of  Lake 
vessels  of  §30,597,450  against  858.128,500  in  1890.  The  type  of 
vessels  also  has  greatly  changed.  In  1886  there  were  only  21  steamers 
of  over  1500  net  register  tons.  In  1890  there  were  110  such  steamers. 
[d  1886  there  were  six  steel  vessels  on  the  lakes  valued  at  8694,000. 
In  1890  there  are  68  valued  at  811,964,500.  The  Census  of  1890 
shows  that  there  was  carried  on  the  Great  Lakes  in  1889  27,417,598 
let  tons  of  cargo.  The  increase  of  commerce  upon  the  Great  Lakes  may 
3e  appreciated  from  the  increase  in  and  out  of  Lake  Superior.  In 
1870  the  entire  amount  passing  through  the  St.  Mary's  Falls  Canal 
*as  690,826  net  registered  tons ;  in  1880, 1,734,800  tons;  in  1883, 
2,042,259;  in  1887,  4,897,598;  in  1889,  7,221,935;  in  1890,  8,454,- 
&35;  and  the  actual  weight  of  cargo  carried  in  1890  was  9,041,213  net 
:ons.  The  value  of  this  tonnage  has  increased  as  follows  :  in  1881  it 
28,965,612.94;  in  1885,853,413,472.13;  in  1889,  $82,732,527.- 
15;  in  1890,  8102,214,948.70. 

An  excellent  summary  and  comparison  of  lake  commerce  made  by 
London  Engineering  of  date  September  26th,  1890,  is  here  given  for 
(the  purpose  of  showing  forcibly  and  reliably  the  vast  importance  of 
the  commerce  of  the  great  lakes : — 

"  A  recent  article  in  Bradstreet's  gives  some  surprising  statistics  of 
the  commerce  of  the  Great  Lakes.  During  234  days  of  navigation  last 
year,  tonnage  passed  through  the  Detroit  River  to  the  amount  of 
10,000,000  tons  more  than  the  entries  and  clearances  of  all  the  sea- 
ports in  the  United  States,  and  3,000,000  tous  more  than  the  combined 
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foreign  and  coastwise  shipping  of  Liverpool  and  London.  This  does 
not  include  traffic  between  Lakes  Superior  and  Michigan  or  Lakes 
Brie  and  Ontario,  or  local  traffic  between  ports  on  tbese  lakes.  Nearly 
three  times  as  many  boats  yearly  pass  through  the  St.  Mary's  Falls 
Canal  at  Sault  Ste.  Marie  as  through  the  Suez  Canal,  with  an  aggre- 
gate tonnage  of  7,221,935  in  1889,  against  6,783,187  for  the  Suez 
Canal,  though  with  only  234  days  of  navigation,  whereas  the  Suez 
Canal  is  open  all  the  year  round.  The  figures  for  the  lake  ship- 
building are  equally  striking.  Last  year  the  tonnage  constructed  by 
lake  builders  was  almost  exactly  equal  to  that  of  the  Atlantic,  Gulf  and 
Pacific  shipyards  combined.  The  lake  vessels  numbered  only  225  out 
of  a  total  of  994  for  the  country  (exclusive  of  western  river  boats),  but 
this  fact  shows  that  on  the  average  the  lake  builders  launched  a  better 
class  of  vessels.  On  the  lakes  were  built  only  four  less  steamers  than 
on  the  Atlantic  and  Gulf  coasts,  and  tlieir  tonnage  was  more  than 
twice  as  great .  Of  the  whole  steam  tonnage  of  the  United  States, 
about  a  third  is  on  the  lakes,  and  of  steamers  between  1000  and  2,500  I 
tons  they  have  more  than  half  the  total.  Naturally  the  sailing  tonnage 
is  not  great,  but  it  is  half  as  large  again  as  that  of  the  Pacific  slope. 
Last  year  there  were  twenty-one  mailing  vessels  of  more  than  1000  tons  t 
on  the  lakes  and  156  between  500  and  1000  tons.  The  growth  of 
ship-building  on  the  lakes  has  been  very  marked  in  the  last  few  years.  ] 
In  1886  87  there  were  thirty-one  boats  built  valued  at  $4, 074,000  ;  in 
1889-90  there  were  fifty-six  built,  valued  at  $7,866,000.  The  tendency, 
as  elsewhere,  has  been  toward  iron  and  steel  for  large  ships.  Ten  were 
built  of  steel  in  Cleveland  in  1888-89,  aggregating  22,989  gross  tons. 
One  of  steel  and  one  of  iron  were  built  in  Detroit  and  two  of  iron  in 
Buffalo." 

The  immensity  of  the  long  distance  lake  traffic  will  be  appreciated 
from  the  following  statement : — 

The  traffic  through  the  Detroit  River  in  1888  was  about  19,000,000 
net  register  tons,  the  number  of  vessels  31,404,  exclusive  of  tr.iffic 
between  foreign  parts  ;  in  1889  it  was  about  22,000,000  tons  ;  in  1890 
over  23,000,000  tons.  The  tonnage  in  and  out  of  Duluth  increased  in 
the  four  years  previous  to  1889  from  1,372,233  tons  to  2,452,113 
tons.  At  Buffalo  the  tonnage  of  lake  vessels  was  about  6,006,000  in 
1888,  and  nearly  7,000,000  in  1889. 

The  total  lake  arrivals  and  clearances  at  the  port  of  Chicago  in  1889 
was  10,268,031  tons,  in  1870  it  was  6,033,207  tons,  an  increase  of  72  I 
per  cent,  in  20  years. 

While  this  unprecedented  increase  of  commerce  upon  the  Great  Lakes 
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las  been  going  on  during  the  last  few  years,  and  is  evidently  destined  to 
ncrease  to  still  greater  proportions,  and  while  the  railroads  of  the 
iountry  are  transporting  much  of  this  freight  from  what  are  practically 
he  Eastern  termini  of  the  lake  commerce  at  Buffalo,  Cleveland  and 
Erie  to  New  York,  Philadelphia  and  Boston,  the  water-ways  out  of 
he  eastern  end  of  Lake  Erie  and  beyond  to  the  sea  have  had  no  appre- 
iiable  increase;  in  fact,  there  has  been  a  decrease  during  the  last  15 
rears.  The  Erie  Canal  is  carrying  no  more  than  it  did  many  years 
igo,  and  through  the  Welland  and  St.  Lawrence  River  Canals  there 
las  been  practically  no  increase.  In  1883  the  total  tonnage  on  the 
Welland  Canal  was  880,957,  in  1887,  787,307 ;  on  the  St.  Lawrence 
Canals  in  1883,  1,847,865  tons,  and  in  1887  1,715,295  tons. 

There  is  no  question  that  one  of  the  principal  reasons  for  the  com- 
merce through  the  canals  east  of  Lake  Erie  remaining  practically  sta- 
tionary, or  decreasing,  is  the  fact  that  they  are  not  adequate  for  the 
business. 

The  Welland  Canal  has  14  feet  depth  of  water.  According  to  the 
United  States  Bureau  of  Navigation  Report  of  1889,  there  were  330 
United  States  vessels  in  the  Great  Lakes  above  Niagara  Falls  which 
drew  too  much  water  when  loaded  to  go  through  this  canal,  of  which 
86  were  sailing  vessels  with  a  registered  tonnage  of  74,500,  and  244 
steam  vessels  with  a  tonnage  of  369,692,  or  a  total  tonnage  of  444,192, 
that  could  not  pass  through  the  Welland  Canal.  Those  that  passed 
through  in  the  season  of  1889,  most  of  which  were  United  States 
Tessels,  were  obliged  to  reduce  their  cargoes  from  a  total  tonnage  of 
71,502  to  63,283  tons  in  order  to  pass  through. 

Improved  methods  of  transportation  by  rail  and  increase  in  the  size 
of  lake  vessels,  the  rapid  increase  in  the  cargoes  and  tonnage  of  the 
vessels,  the  rapid  growth  of  steam  transportation,  and  the  rival  com- 
petition which  exists  between  the  various  lines  and  between  the  railroads 
have  compelled  a  continual  reductiun  in  the  cost  of  transportation  to 
the  public.  From  careful  records  kept  by  the  United  States  Govern- 
ment Engineer  in  charge  of  the  St.  Mary's  Falls  Canal,  it  was  ascer- 
tained that  the  cost  per  ton  per  mile  of  carrying  freight  an  average  dis- 
tance of  about  800  miles  was,  in  1887,  2.3  mills  and  in  1889  1.5  mills. 
Rates  on  other  lake  lines  favourably  compare  with  this.  It  is  estimated 
by  Mr.  Charles  H.  Keep,  secretary  of  the  Lake  Carriers  Association, 
in  a  paper  addressed  to  the  United  States  Congress,  December  5th, 
1890,  that  the  value  of  the  entire  cargoes  carried  on  the  lakes  this 
last  season  was  $305,432,041.72.  He  estimated  that  the  average 
distance  of  carriage  of  the  entire  commerce  of  the  Great  Lakes  is  566 
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miles,  which  would  make  the  total  ton  mileage  for  1889  15,518,360,- 
468.  The  entire  mile  tons  of  railroad  carriage  in  the  United  States  in 
the  year  ending  June  30th,  1889,  was  68,727,223,146 ;  in  other  words, 
the  freight  service  on  the  Great  Lakes  is  22.6  per  cent,  of  the  total  freight 
service  rendered  by  all  of  the  railroads  of  the  United  States.  At  the 
average  railroad  rate  of  all  the  freight  moved  in  1889,  according  to 
the  statistician  of  the  Inter-State  Commerce  Commission,  9.22  mills 
per  ton  per  mile,  the  cargoes  carried  on  the  lakes  in  that  year  would 
have  cost  the  shippers  8143,079,283.51.  Adopting  \\  mills  per  ton 
per  mile  as  the  average  cost  of  lake  transportation  the  entire  cost  for 
the  season  of  1890  was  $23,177,540.70.  The  saving  to  the  public 
therefore  by  water  transportation  on  the  lakes  in  that  single  year  was 
$119,801,742.81.  Much  of  the  heavy  freight  has  been  carried  for 
considerably  less  than  \\  mills  per  ton  per  mile.  Anthracite  coal  is 
carried  from  Buffalo  to  Duluth  and  Superior,  a  distance  of  1000  miles, 
for  30  cents  per  ton,  or  T3u  mill  per  ton  mile. 

The  total  tonnage  of  freight  moved  in  the  Central  Northern  and 
Northwestern  groups  of  States,  according  to  Poor's  Manual,  was,  in 
1888,  195,773,526.  The  increase  of  foreign  trade  at  the  Atlantic 
ports  was,  between  1870-89,  from  9,155,659  to  15,952,119  tons. 

A  detailed  history  of  the  reduction  in  rates  between  the  Northwest 
and  the  Atlantic  seaboard  by  river,  canal  and  rail  would  be  of  great 
interest  in  this  discussion.  We  cannot,  however,  give  more  than  some 
of  its  salient  points. 

During  1852  (the  first  year  of  free  competition  between  canals  and 
railroads)  the  New  York  Central  Railway  hauled  flour  from  Buffalo 
to  Albany  for  60  cents  per  barrel,  which  is  nearly  50  cents  below  the 
average  price  transported  by  canal  for  nearly  20  years  subsequent  to 
the  opening  of  the  canal.  The  above  is  equivalent  to  about  $6.00  per 
ton,  or  a  little  over  2  cents  per  ton  mile.  On  the  railways  of  the  State 
of  New  York  in  1855  the  average  receipts  per  ton  mile  for  freight  were 
2.79  cents.  About  this  time  a  report  signed  by  the  superintendents 
of  the  four  Trunk  Lines  claimed  that  the  lowest  rates  at  which  ordi- ; 
nary  freight  could  be  carried  and  pay  interest  and  expenses  was  an 
average  of  2  cents  per  ton  mile  for  heavy  agricultural  products,  3  cents 
for  groceries,  and  4  cents  for  dry  goods.  In  1858  the  Lake  Shore  & 
Michigan  Southern  Railway  forwarded  from  Chicago  to  New  York 
43,304  tons  of  freight  at  an  average  rate  of  2.38  cents  per  ton  mile. 

The  average  charge  per  ton  of  wheat  from  Chicago  to  New  York 
during  1868  to  1872  was  as  follows  :  All-water  route  5.54  mills  per  I 
ton  mile.     The  average  of  the  four  years,  1868  to  1872,  lake  and  rail 
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route,  6.66  mills  ■  all  rail  12.79  mills.  The  rate  per  ton  mile  by  the 
present  shortest  rail  route  is  about  5  mills.  During  1878  the  wheat 
rate  by  water  from  Chicago  to  New  York  was  something  under  $3.30 
per  ton,  or  2.3  mills  per  ton  mile. 

During  the  season  of  1879  grain  was  shipped  from  Chicago  to  Liver- 
pool for  17  cents  per  bushel,  a  rate  but  little  greater  than  was  paid  for 
transportation  by  canal  from  Buffalo  to  New  York,  only  tjn  years 
before,  that  is,  in  1869.  In  1890  grain  was  shipped  from  Chicago  to 
Liverpool  for  9%  cents  per  bushel. 

The  average  lake  rates  from  Chicago  to  Buffalo  on  wheat  have  been 
as  follows  : — 

1861..  11    cents  per  bushel, 

1865 9.7  "   "    " 

1870 6.2  "   "    " 

1875 3.5  " 

1878 3.1  " 

1889-90 2.5  "   "    " 

Large  steamers  with  barges  in  tow  can  transport  grain  at  2  cents  a 
bushel  between  Chicago  and  Buffalo  with  a  profit. 

The  growth  in  population  of  some  of  the  lake  cities  will  give  an  idea 
of  the  growth  of  the  commerce  of  the  country  tributary  to  the  Great 
Lakes. 

Population  of  Buffalo  in  1850  was  42,261 

"  "        '•'  1890  255,000 

Cleveland  in  1860  17,034 

'<  1890 262,000 

Chicago     in  1850  29,963 

"  1890 1,100,000 

The  above  general  commercial  statement  has  been  compiled  from  a 
large  amount  of  detailed  information,  which  has  been  placed  in  the 
author's  hands  by  the  kindness  of  the  officials  of  the  United  States  and 
Canadian  Governments,  and  by  the  officers  of  Transportation  Lines  and 
Secretaries  of  Boards  of  Trade  of  the  lake  cities,  and  obtained  from 
other  reliable  sources.  This  one  subject  of  the  growth  of  the  com- 
merce of  the  Great  Lakes,  the  reduction  in  freights,  and  the  actual  cost 
of  the  same,  and  a  description  of  the  methods  of  transportation  both  by 
rail  and  water,  would  of  itself  form  a  most  interesting  and  important 
paper. 

It  is  necessary  now  with  these  general  facts  in  mind  to  take  up  the 
physical  features  of  the  present  and  projected  routes,  and  ascertain  if 
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it  is  practicable  to  develop,  within  a  reasonable  cost,  a  commercial 
route  between  the  Great  Lakes  and  the  Atlantic  seaboard. 

PHYSICAL    FEATURES, 

The  brief  historical  summary  of  the  constructed  or  partially  con- 
structed water-ways,  with  almost  constant  improvements  and  enlarge- 
ments, by  both  the  United  States  and  Canadian  Governments,  to  keep 
pace  with  the  rapidly  increasing  commerce  of  the  Great  Lakes  and  the 
increase  in  dimensions  of  vessels,  and  particularly  in  their  draught, 
leads  us,  in  our  discussion,  to  attempt  to  predict  for  the  near  future, 
either  by  lake,  river,  canal  or  by  other  adequate  means,  an  enlarged 
commercial  highway  between  the  Great  Lakes  and  the  seaboard. 
Any  one  who  traces  the  very  interesting  history  of  the  improvement  of 
the  water-ways  up  to  this  time,  and  studies  only  casually  the  history  of 
commerce  on  the  Great  Lakes,  will  be  led  quickly  and  inevitably  to  a 
conclusion  that  the  opinion  outlined  in  the  beginning  of  this  paper  is 
correct,  that  a  channel  large  enough  for  vessels  of  a  draught  of  20  feet, 
the  cargoes  of  which  will  average  not  less  than  3000  tons  weight,  is 
absolutely  necessary.  The  various  projects,  with  their  estimates  follow- 
ing, are  based  on  these  requirements. 

The  "  Soo  "  Canal  and  lock,  now  being  built  by  the  United  States 
Government,  is  fully  equal  to  these  requirements.  The  canal  being 
built  by  the  Canadian  Government  is  not  equal  to  them.  To  construct 
a  lock  costing,  with  its  approaches,  several  millions  of  dollars  for  a 
draught  of  only  18  feet  is,  in  the  opinion  of  the  author,  unwise  for 
reasons,  some  of  which  have  already  been  given  and  for  others  which 
will  appear  as  this  discussion  goes  forward. 

OTTAWA   SHIP   CANAL    BETWEEN    GEORGIAN   BAY 
AND  MONTREAL. 

In  1858  a  report  was  made  on  this  project  by  Mr.  Walter  Shanley 
civil  engineer  to  the  Legislative  Assembly  of  Canada. 

The  route  lay  from  Lake  Huron  up  the  French  River  to  Lake 
Nippissingue,  thence  across  the  watershed  of  the  St.  Lawrence  and 
Ottawa  into  Trout  Lake  at  the  head  of  the  River  Matawan,  a  tribu- 
tary of  the  Ottawa  River,  thence  down  the  Matawan  to  the  Ottawa 
River,  and  along  its  course  to  its  mouth,  thence  by  the  Lachine  canal 
to  Montreal.  The  supply  for  the  summit  level  was  to  be  taken  from 
Lake  Nippissingue,  which  was  to  be  raised  by  dams  to  the  height  of 
Trout  Lake,  23  feet  higher  than  its  natural  level,  enlarging  the  area  of 
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the  lake  from  12  to  upwards  of  300  square  miles.  At  the  rapids  along 
this  route  dams  were  to  be  built  aud  locks  placed  to  overcome  the  dif- 
ference of  level.  The  French  River,  aud  the  tributaries  of  the  Ottawa, 
and  the  Ottawa  River,  also,  were  to  be  made  navigable  by  these  dams 
and  locks.  The  summit  would  require  a  canal  5  miles  in  length  with 
a  maximum  cut  of  30  feel  through  granite  rock.  The  summit  level 
was  to  be  83  feet  above  Lake  Huron.  The  lockage  from  the  summit 
level  down  to  Montreal  was  615  feet,  a  total  of  698  feet.  The  total 
distance  from  Georgian  Bay  to  Montreal  is  430  miles. 

An  examination  of  the  manuscript  copy  of  this  report,  which  was 
kindly  furnished  the  author  by  the  Minister  of  Public  Works,  shows 
that,  while  Mr.  Shanley  was  not  able  to  obtain  all  of  the  detailed  physi- 
cal data  which  he  desired,  yet  his  general  conclusions  can  be  relied 
upon  as  reasonable.  The  size  of  the  locks  of  Mr.  Shanley's  project  was 
as  follows  :  length  250  feet,  width  50  feet,  and  depth  on  miter  sills  10 
feet.  His  estimate  for  the  entire  work  was  $24,000,000.  While  his 
plan  contemplated  throughout  dams  across  the  streams,  wherever  neces- 
sary to  overcome  rapids,  his  general  principle  was  to  build  canals  rather 
than  to  resort  to  high  and  expensive  dams  across  the  rivers. 

In  1860  a  second  report  on  this  project  was  made  by  Mr.  T.  C. 
Clarke  to  the  Commissioner  of  Public  Works.  Mr.  Clarke's  estimate 
was  about  one-half  thatof  Mr.  Shanley,  being  $12,057,680.  His  plan, 
however,  was  much  different  from  Mr.  Shanley's,  resorting  still  more  to 
making  as  long  reaches  of  slack  water  navigation  as  was  possible,  thus 
avoiding  to  a  great  extent  the  excavation  through  very  hard  and  refrac- 
tory rock  which  would  be  required  by  Mr.  Shanley's  project.  On  the 
other  hand,  Mr.  Shanly  preferred  to  cut  canals  at  the  sides  of  rapids 
rather  than  to  raise  the  levels  of  large  rivers  like  the  Ottawa  by  artifi- 
cial structures.  There  was  also  a  large  difference  in  the  price  of  rock 
excavation,  Mr.  Clarke  estimating  it  generally  at  an  average  of  about 
$2.00  and  Mr.  Shanley  at  $4.00  per  cubic  yard.  Mr.  Shanley  also  esti- 
mated the  cost  for  enlarging  the  Lachine  Canal,  8|-  miles  in  length  near 
Montreal,  which  Mr.  Clarke  did  not ;  but  on  the  other  hand  Mr.  Clarke 
estimated  for  a  canal  with  12  feet  on  the  miter  siils.  Mr.  Shanley  esti- 
mated that  the  difference  in  cost  between  a  10  foot  and  a  12  foot  canal 
must  not  be  less  than  $5,000,000,  making  his  estimate  for  a  12  foot 
canal  $29,000,000.  It  is  difficult  to  explain  the  difference  in  the  esti- 
mates. It  is  unnecessary  to  go  into  the  details  of  the  plans  and  esti- 
mates of  these  two  projects,  except  so  far  as  it  is  necessary  to  use  the 
very  complete  details  given  in  Mr.  Clarke's  report  for  making  an  esti- 
mate for  such  an  enlarged  water-way  as  this  paper  contemplates. 
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For  the  purposes  of  comparison,  it  should  be  stated  that  Mr. 
Clarke's  plan  contemplated  locks  250  feet  long,  45  feet  wide,  and  12 
feet  depth  on  the  miter  sills,  with  a  depth  of  13  feet  in  the  canals, 
widths  in  bottom  of  short  sections  100  feet,  and  in  long  sections  146 
feet,  where  it  was  intended  for  boats  to  pass,  with  a  depth  of  15  feet  in 
the  slack  water  reaches.  A  plan  for  the  enlarged  water-way  proposed 
by  the  author  is  as  follows  :  Locks  600  feet  long,  85  feet  wide,  and  20 
feet  deep  on  the  miter  sills.  '  The  depth  of  canal  prism  22  feet,  with  a 
width  of  150  feet  in  short  sections  and  200  feet  in  the  long  sections, 
and  with  24  feet  depth  in  the  rivers  and  in  slack  water  reaches.  The 
general  methods  of  Mr.  Shanley  and  Mr.  Clarke  to  be  adopted  alterna- 
tively according  to  the  conditions  existing  at  special  points.  Employing 
the  data  given  in  Mr.  Clarke's  report,  which  appears  to  be  accurate 
and  quite  complete,  but  using  prices  for  rock  excavation  about  midway 
between  his  and  those  of  Mr.  Shanley,  and  allowing  for  the  many  new 
obstacles  which  the  enlarged  water-way  would  meet  in  the  deepening 
of  rivers  and  of  locks  where  submarine  rock  excavation  would  be 
required,  in  either  of  the  earlier  plans,  the  total  cost  of  the  work 
would  be  about  $83,000,000,  allowing  for  the  enlargement  of  the 
Lachine  Canal  to  the  dimensions  of  the  enlarged  water-way.  A 
careful  examination  leads  to  the  inevitable  conclusion,  that  a  free 
unrestricted  water-way  cannot  be  found  on  the  line  of  the  Ottawa 
route  at  any  cost  which  the  traffic  would  bear.  A  ship  railway,  as 
an  alternative,  has  been  suggested.  The  course  of  the  river  is  too 
tortuous  and  the  cost  of  removing  natural  obstructions  too  great  to 
give  this  alternative  project  serious  consideration. 

GEORGIAN    BAY  AND    TORONTO    SHIP    CANAL,    OR   ITS    ALTERNATIVE, 
THE  HURONTARIO    SHIP  RAILWAY. 

A  project  for  a  ship  canal  was  initiated  on  this  route  as  early  as 
1846,  and  an  examination  made  by  Mr.  Kivas  Tully,  civil  engineer, 
of  Toronto.  In  1851  and  in  1855  further  examinations  were  made 
under  the  auspices  of  the  Board  of  Trade  of  Toronto,  to  be  used  at  a 
convention  of  delegates  from  various  Western  cities.  The  Hurontario 
route  at  that  convention  was  favourably  considered,  and  Mr.  Tully 
was  appointed  to  complete  the  survey.  There  was  associated  with 
him  as  consulting  engineer  Colonel  R.  B.  Mason  of  Chicago,  who, 
himself,  examined  the  route  in  1855.  The  survey  was  completed  in 
1858   and    published  with   maps   and  profiles.      The    estimate    was 
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$22,170,150.  The  length  of  the  route,  which  was  by  way  of  Lake 
Simcoe,  was  100  miles,  with  50  locks  265  feet  in  length,  55  feet  in 
width,  12  feet  lift,  with  12  feet  on  the  miter  sills.  Almost  insuperable 
difficulties  in  the  way  of  excavation  were  found  at  the  summit,  where 
for  10  miles  there  was  a  continuous  cutting,  the  greatest  depth  of 
which  was  197  feet  and  the  average  cutting  90  feet.  A  company  was, 
however,  incorporated  in  1856  for  carrying  out  the  project.  Its 
charter  was  amended  in  1865  under  the  name  of  the  Huron  and 
Ontario  Ship  Canal  Company. 

In  1881.  when  the  late  Mr.  James  B.  Eads  was  ens-asjed  in  the 
project  of  a  ship  railway  across  the  American  Isthmus  in  Mexico,  he 
was  requested  by  Mr.  Tully,  the  Hon.  D.  Blain  of  Toronto,  and  others 
associated  with  them,  to  give  an  opinion  as  to  the  feasibility  of 
building  a  ship  railway  between  Georgian  Bay  and  Lake  Ontario. 
His  opinion  was  that  it  was  not  only  entirely  practicable,  but  that  the 
route  furnished  one  of  the  most  favourable  locations  for  such  a  con- 
struction, as  the  alignment  was  good  and  the  grades  low.  This 
opinion  was  given  in  1885  after  three  or  four  years  of  consideration  at 
various  times  by  Mr.  Eads. 

The  length  of  the  route  is  66  miles.  There  were  to  be  three 
railway  tracks  of  the  standard  gauge,  4  feet  8|  inches,  with  rails  110 
pounds  per  lineal  yard.  It  was  intended  to  transport  vessels  of  1000 
tons  register,  or  say  2000  tons  displacement  weight  and  14  feet 
draught.     The  estimated  cost  was  $12,000,000. 

The  author  was  at  that  time  associated  with  Mr.  Eads  and  familiar 
with  the  data  and  the  discussions  of  the  subject.  In  order  to  present 
it  now  in  connection  with  other  projects  for  an  enlarged  water-way,  he 
has  considered  it  important  to  re-examine  the  subject,  and  to  have  a 
personal  examination  of  the  country  made  by  one  of  his  associates,  in 
order  to  supplement  data  already  in  existence,  and  to  reform  the 
estimates  on  the  basis  of  a  ship  railway  of  larger  capacity  than  was 
contemplated  by  Mr.  Eads;  that  is,  for  vessels  of  a  displacement 
weight  of  5000  tons,  with  a  draught  of  20  feet,  and  the  railway  to  be 
capable  of  transporting,  during  the  navigation  season,  8,000,000  tons 
of  traffic. 

It  is  impracticable,  except  at  great  cost,  to  build  the  railway  on  a 
straight  line  between  the  two  terminal  points.  There  will  necessarily 
be  in  the  central  part  of  the  route  two,  and  perhaps  three,  deflection 
tables  for  changing  the  direction.  The  grades,  as  ascertained  from  all 
available  data,  will  be  33  feet  per  mile  as  a  maximum,  although  on 
the  larger  part  of  the  route  the  grades  will  be  11  feet  and  14  feet  per 
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mile.     The  summit  to  be  surmounted  is  670  feet  above  the  mean 
level  of  Lake  Ontario. 

The  streets,  public  roads  and  railroads  to  be  crossed  can  all  be  I 
easily  provided  for.  The  material  to  be  moved  is  entirely  earth,  no 
rock  being  found  on  the  route.  The  harbour  improvements  at  the 
termini  will  not  be  expensive.  The  cost  of  the  railway  fully 
equipped  for  the  kind  and  extent  of  the  traffic  contemplated  is  $15, 
459,318.09. 

At  the  proper  time  the  author  will  make  a  comparison  between  this  I 
route  and  the  Ottawa  route,  as  to  distance,  constructive  features  and 
other  navigation  features.  In  reference  to  the  physical  features  of 
the  two  routes  the  advantages  are  altogether  in  favour  of  the  ship 
railway.  The  material  to  be  removed  on  the  Ottawa  route  is  almost 
entirely  rock  and  of  granitic  quality,  being  syenite  and  gneiss,  these 
rocks,  according  to  Mr.  Shanley's  report,  "  thrusting  themselves  forward 
harsh,  naked  and  repellant  over  the  whole  of  the  more  distant  portions 
of  the  line"...."  On  the  nearer  sections  from  the  Chats  Rapids  to  St. 
Ann,  tbe  formation  to  be  dealt  with,  though  of  less  impracticable 
character  than  that  named  above,  is  still  rock — rock  everywhere." 
The  rock  on  the  western  part  of  the  line  is  Laurentian,  the  very 
hardest  that  can  be  found.  Insurmountable  obstacles  exist,  such  as 
the  flooding  of  the  country  around  Lake  Nippissingue.  At  the  time 
Mr.  Shanley  and  Mr.  Clarke  made  their  reports  this  was  an  almost 
uninhabited  country.  Since  then  along  the  northern  part  of  the  lake, 
which  would  be  the  shore  to  be  submerged,  there  is  now  the  main  line 
of  the  Canadian  Pacific  Railroad,  and  there  are  several  towns  and 
settlements  and  an  improved  country  over  nearly  the  entire  area.  It 
is  questionable  whether  the  plan  proposed  in  1860  could  be  carried  out 
in  1890.  Again,  the  fluctuation  of  12  feet  in  the  level  of  the  Ottawa 
River  (being  24  feet  at  the  city  of  Ottawa)  is  a  serious  objection  to 
canalizing  this  route.  Again,  the  examinations  show  that  to  obtain 
a  depth  such  as  is  proposed  by  the  present  enlarged  water-way 
submarine  excavations  in  hard  rock  must  be  made  at  various  points 
in  rivers  and  lakes  not  necessary  for  the  depths  proposed  in  I860. 

Another  disadvantage  of  the  Ottawa  route  is  the  difference  between 
it  and  the  Hurontario  route  in  the  opening  and  closing  of  the 
navigation  seasons,  a  different  latitude  making  the  navigation  season 
nearly  a  mouth  shorter  than  by  the  Toronto  route. 

Auother  important  difference  is  the  difference  in  time  of  construc- 
tion. The  Hurontario  Ship  Railway  could  be  built  within  three  years, 
and  no  doubt,  if  the  Government  of  Canada  would  make  the  necessary 
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appropriations,  the  St.  Lawrence  cauals  between  Lake  Ontario  and 
■Montreal  could  be  enlarged  within  five  years,  while  it  would  probably 
require  10  years  time  to  build  an  enlarged  water-way  along  the 
Ottawa  route,  and  it  is  not  improbable  that  15  years  would  be 
required  for  this  work. 

As  propositions  for  ship  railways  at  other  points  will  be  brought 
forward  in  this  paper,  the  author  reserves  the  general  discussion  of  the 
question  of  feasibility  of  ship  railways  and  of  their  physical  and  com- 
ercial  advantages  for  a  subsequent  point  in  the  discussion. 

WELLAND    CANAL. 

The  present  size  of  this  canal  has  been  given  in  a  previous  part  of 
this  paper.  It  is  now  proposed  to  enlarge  it  according  to  the  standard 
dimensions  of  an  enlarged  water-way  already  given  in  connection  with 
the  plans  of  the  Ottawa  navigation.  It  has  cost  to  enlarge  the 
Welland  Canal,  from  about  10  to  14  feet,  816,000,000.  The  estimate 
for  deepening  it  to  20  feet  and  greatly  enlarging  the  locks  is  $25,000,- 
000,  which  is  a  low  estimate  considering  the  previous  cost  of  enlarging 
this  work. 

NIAGARA  FALLS  SHIP  CANAL. 

The  United  States  Government  has  taken  more  or  less  interest  in 
(this  project  since  1867,  Congress  having  at  that  time  by  joint  resolu- 
tion instructed  the  Secretary  of  War  to  have  an  examination  made. 
This  work  was  performed  by  Col.  C.  E  Blunt  of  the  United  States 
Corps  of  Engineers.  His  project  was  for  a  canal  of  14  feet  depth  with 
lock  chambers  of  275  by  46  feet.  He  examined  six  routes,  some  of 
which  present  great  difficulty  in  the  ascent  of  what  is  called  the  Nia- 
gara Terrace.  In  1888  Congress  appropriated  funds  for  an  examina- 
tion for  a  water-way  around  Niagara  Falls,  its  capacity  to  be  sufficient 
to  float  ships  drawing  20  feet  of  water.  The  surveys  of  Col.  Blunt 
were  used  for  the  purpose  of  ascertaining  the  feasibility  and  cost  of 
building  such  a  canal  as  Congress  proposed.  The  dimensions  con- 
sidered were  :  width  of  canal  at  bottom  100  feet,  depth  20  J  feet,  length 
of  lock  chamber  400  feet,  width  80  feet,  depth  over  miter  sill  21  feet 
and  the  lift  in  general  to  be  18  feet.  The  route  is  25  miles  long, 
number  of  locks  18,  estimated  cost  $23,617,900.  A  revision  of  this 
estimate  on  the  basis  of  larger  locks  and  larger  canal  prism,  and  of  an 
increase  in  price  of  rock  excavation,  which  the  author  considers  advis- 
able, makes  the  total  cost  $35,000,000. 
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NIAGARA    FALLS    SHIP  RAILWAY. 

The  estimate  is  made  on  the  Twelve  Mile  Creek  route  of  Col. 
Blunt's  surveys,  beginning  east  of  Cayuga  Island,  Niagara  River, 
and  ending  at  the  mouth  of  Twelve  Mile  Creek.  The  length  of  the 
line  is  18J  miles.  The  maximum  grade  surmounting  the  Niagara 
Terrace  is  50  feet  per  mile,  a  continuous  grade  of  4J  miles.  The 
total  estimate  on  the  same  basis  as  the  Hurontario  Ship  .Railway, 
namely,  for  vessels  of  5000  tons  displacement  weight,  20  feet  draught, 
and  an  annual  traffic  of  8,000,000  tons,  is  $10,731,613.71,  fully 
equipped. 

MICHIGAN    PENINSULA  SHIP  CANAL  AND  RAILWAY. 

It  is  proposed  to  build  a  ship  canal  of  the  standard  dimensions 
above  given  across  the  Michigan  Peninsula,  from  Benton  Harbour  on 
Lake  Michigan  to  near  Monroe  on  Lake  Erie,  a  distance  of  about  160 
miles.  It  would  require  65  locks  and  the  crossing  of  19  railroads. 
The  estimate  is  $138,405,432. 

A  ship  railway  across  this  peninsula  fully  equipped  will  cost  not 
over  $39,000,000,  and  the  grades  will  not  be  heavy.  The  height 
to  be  surmounted  at  the  summit  is  475  feet. 

LAKE  CHAMPLAIN    ROUTE    BY   WAY    OP  THE    CAUGHXAWAGA    RIVER. 

The  estimates  made  at  various  times  for  a  canal  with  locks  270  feet 
by  45  feet  by  12  feet,  from  the  St.  Lawrence  River  about  8  miles  above 
Montreal  to  Albany  on  the  Hudson  River,  is  about  $20,000,000.  To 
build  this  on  the  plan  of  the  enlarged  water-way  now  designed,  and  to 
deepen  the  Hudson  from  Albany  to  Hudson  City,  and  to  deepen  Lake 
Champlain  over  long  reaches,  where  there  is  now  sufficient  depth  of 
water  for  a  12  foot  navigation,  but  not  for  20  feet,  would  cost  at 
least  $50,000,000,  and  for  the  purposes  of  an  unrestricted  adequate 
water-way  for  deep  draught  vessels  from  the  Great  Lakes  to  the  sea- 
board, is  apparently  impracticable. 

ERIE  CANAL  AND  OSWEGO  CANAL  ENLARGEMENTS. 

To  build  such  a  water-way  as  is  now  proposed  between  Buffalo  a»d 
Albany  would  cost  probably  $250,000,000,  and  we  would  then  have 
nothing  but  a  continuous  canal  where  the  speed  of  vessels  would  be 
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stricted.  The  Oswego  Canal  enlargement  can  be  dismissed  also 
vith  the  opinion,  that  to  enlarge  it  for  deep  draught  vessels  is  iinprac- 
<icable.  It  has  been  suggested  to  build  a  ship  railway  instead  on 
ne   or   the  other  of  these   two  routes.     The  author  considers  this 

practicable,  not  only  on  account  of  its  expense,  but  on  account  of 
the  natural  and  artificial  obstacles  that  at  points  would  prevent  its 
instruction.  The  Mohawk  Valley  is  entirely  occupied  by  two  rail- 
oads  (six  railroad  tracks),  the  Erie  Canal,  the  Mohawk  River  and  an 
almost  continuous  line  of  cities  and  towns  for  long  distances,  these 
aatural  and  artificial  conditions  being  hemmed  in  on  either  side  by 
teep  and  rugged  bluffs  of  hard  rock. 

ST.  LAWRENCE  RIVER  ENLARGEMENTS. 

There  remains  the  consideration,  briefly,  of  the  enlargement  of  the 
St.  Lawrence  River  and  its  canals,  to  give  an  outlet  to  the  seaboard 
for  either  the  Hurontario  Ship  Railway  or  the  ship  canals  or  ship 
railways  at  Niagara  Falls  and  across  the  Michigan  Peninsula.  The 
very  voluminous  records  of  the  Canadian  Government  extending  over 
many  years,  the  reports  of  the  Chief  Engineer  of  Canals,  numerous 
other  descriptive  and  statistical  documents,  and  the  examinations, 
maps,  charts  and  profiles  kindly  furnished  by  the  Department  of 
Public  Works  of  Canada,  have  enabled  the  author  to  make  an  estimate 
for  the  enlargement  of  the  canals  and  the  deepening  of  the  channels  in 
the  river  itself  between  Montreal  and  Kingston.  This  estimate  is 
based  on  the  standard  dimensions  for  an  enlarged  waterwny  used  in 
making  estimates  of  other  routes.  The  total  cost,  asfuming  that  the 
present  canals  have  already  been  deepened  to  14  feet  (this  work  is 
now  being  done  by  the  Canadian  Government),  is  $27,000,000. 

COMPARISON    OF    COMMERCIAL    CONDITION. 

A  statement  of  the  commercial  conditions  of  the  proposed  routes  is 
necessary  in  order  to  make  a  comparison  between  them.  These  con- 
ditions have  an  important  bearing  on  the  general  question  of  location 
and  advantages,  and  are,  therefore,  stated  in  full  in  the  body  of  this 
paper.  "The  sailing  distances"  are  steamer  distances,  and  are 
compiled  from  many  records,  a  selection  being  made  from  the  most 
reliable.  The  time  per  hour  forming  a  basis  of  the  total  time  on  each 
route  is  open  to  amendment,  being  in  some  respects  a  matter  of  opinion, 
but  formed  from  much  study  of  the  subject  and  from  definite  records 
of  speed  under  practical  and  similar  conditions. 
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The  cost  of  transit  is  made  up  from  the  actual  average  cost  on  lines 
now  operated  on  rail,  lake,  ocean,  barge  and  ship  canals.  As  to  the 
speed,  time  and  cost  on  a  ship  railway,  while  there  is  no  actual  trans- 
portation of  this  kind  in  existence,  yet,  the  results  of  ten  years  of 
careful  study  of  the  subject  on  the  two  principal  ship  railway  projects 
of  the  world — the  Tehuantepec  and  Chignecto — are  used  in  this  state- 
ment. Though  made  from  different  conditions  and  by  persons  work- 
ing independently,  the  results  closely  agree  and  may  be  considered  the 
concensus  of  the  best  thought  on  the  subject.  The  figures,  however, 
await  the  actual  test  of  practice  soon  to  be  applied  at  the  Chignecto 
Isthmus. 


>:: 


TABLE    OP    SAILING   DISTANCES,    SPEED,    TIME    AND   COST. 

Table  of  Sailing  Distances. 

Statute  Miles. 

New  York  to  Liverpool 3440 

Boston        to        "         3211 

Philadelphia  to     "         3625 

Baltimore  to         "         3891 

Quebec  to             "         3065 

Quebec  to  Straits  of  Belle  Isle 826 

Straits   of   Belle   Isle   to  Liverpool 2239 

Montreal  to  Quebec 160 

Montreal  to    Liverpool 3225 

ALL    RAIL   DISTANCES. 

The  all-rail  distance  from  Chicago  to  New  York  is  913  miles  via 
the  Pennsylvania  Lines,  932  miles  via  Nickle  Plate  &  Lackawanna 
Railways,  and  949  miles  via  Nickle  Plate  and  West  Shore  Railway. 
The  all-rail  distance  from  Chicago  to  Montreal  is  837  miles  via 
Grand  Trunk  Railway  and  859  miles  via  Wabash  and  Canadian 
Pacific  Railways. 

SAILING   DISTANCES    FROM    CHICAGO    TO    MONTREAL. 

1st.    Via  Hurontario  Ship  Railway  and  the  St.  Lawrence  River. 

Chicago  to  Northern  terminus  of  Ship  Ry 570  miles 

Ship  Ry.  (2  lifts  and  three  deflection  and  turning  tables).       66      u 
Toronto  to  Montreal")  Canal  and  26 locks.     43.63  miles 

[  Lake  Ontario 161.37     " 

j  St.  Lawrence  River  160.00     "         365     " 

Chicago  to  Montreal 1001  miles. 
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2nd.  Via  Ottdwa  Navigation. 

hicago  to  mouth  of  French  River 548.00  miles. 

ttawa  River  &  Canal "1  Canal 29.32miles 

|  Lakes    and   river 

Y     $  each 401.44     "      430.76    " 
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Chicago  to  Montreal 978.76  miles. 

3rd.    Via  Lakes,  Wetland  Canal  and  St.  Lawrence  River. 

Chicago  to  St.  Clair  River 568.00  miles. 

St.  Clair  River 41.00      ■ 

Lake  St.  Clair 16.00     " 

Detroit  River 27.00     " 

Lake  Erie 218.25     " 

Welland  Canal  (27  Locks) 26.75     " 

Lake  Ontario  161.00     « 

St.    Lawrence   River    (Canals 43.63 

(River 161.37  205.00     " 

Chicago  to  Montreal 1263.00  miles. 

th.   Via  Michigan  Peninsula  Ship  Railway,  Lakes,  Welland  Canal. 

ake  Michigan 61.00  miles. 

dichigan  Peninsula  Ship  Ry 158.50     " 

jake  Erie  (to  Pt.  Colburn) 230.00     " 

Welland  Canal 26.75      " 

jake  Ontario  (to  Kingston) 161.00      " 

It.  Lawrence  River  )  Canals 43.63  miles. 

J  River  (proper) 161.37     "       205.00      " 


Chicago  to  Montreal 842.25  miles. 

)th.    Via  Michigan  Peninsula  Ship  Ry.,  Lakes,  Niagara  Falls  Ship 
Railway  and  St  Lawrence  River. 

Lake  Michigan 61.00  miles. 

Michigan  Peninsula  Ship  Ry 158.50  " 

Lake  Erie  (to  terminus  of  Niagara  Ship  Ry.) 252.00  '* 

Niagara  Falls  Ship  Railway 18.50  " 

Lake  Ontario  146.00  " 

St.  Lawrence  River  j  Canals 43.63  miles. 

j  River  (proper) 161.37     "       205.00  " 


841.00  mile*. 


62  Corthell  on  Enlarged  Water-Way 

6th.    Via  Michigan  Peninsula  Ship  Ry.,  Lakes,  Niagara  Falls  Ship 
Canal  and  St.  Lawrence  River. 

Lake  Michigan 61.00  miles 

Michigan  Peninsula  Ship  Railway 158.50 

Lake  Erie  (to  terminus  of  Niagara  Ship  Canal) 252.00 

Niagara  Falls  Ship  Canal 25.00 

Lake  Ontario 139.50 

St.  Lawrence  River)  Canals 43.63  miles. 


\ 


River  (proper) 161.37      "       205.00 


Chicago  to  Montreal    841.00  mile 

DISTANCE    BY    DIFFERENT    ROUTES. 

1st.  Hurontario  Ship  Railway 1001.00  miles 

2nd.  Ottawa  Navigation  978.76  " 

3rd.  Lakes,  Wclland  Canal  &  St.  Lawrence  River.....  1263.00  " 

4th.  Michigan  Peninsula  Ship  Ry.  &  Welland  Canal.  842.25  " 
5th.  Michigan  Peninsula  Ship  Ry.,  Niagara  Falls  Ship 

Ry.,  etc 841.00  " 

6th.  Michigan  Peninsula  Ship  Ry.,    Niagara   Falls 

Ship  Canal 841.00  " 

RATES   OF  SPEED    (STEAMERS). 

Rate  of  speed  on  the  Ocean  and  Lakes,  15  miles  per  hour. 

"  "  Ship  railways  and  Rivers,  10  miles  per  hour.    ] 

"  from  Montreal  to  Quebec,  10  miles  per  hour. 

"  on  the  Canals,  7  miles?per  hour. 

"  "    Welland  and  Niagara  falls  Canals,  4  miles  per  hour.  ;j 

Lockage  and  Ship  Railway  lifts  and  deflection  tables,  30  minutes  j 
each. 

SCHEDULE    OF   DISTANCES    AND   SAILING   (STEAMING)    TIME    FROM    i 
CHICAGO    TO    MONTREAL. 

1st.  La.lces,  Hurontario  Ship  Railway  and  St.  Liwrtnce  River. 

hours  i| 
By  Lakes  (570  and  160)  =  730  miles  at  15  miles  per  hour  =  48.67 
By  River  161.37     "     10         "  "  16.KJ 

By  Ship  Railway  66.00     "     10         "  "  6.6(1 

By  Canals  43.63     "       7         "  "  6.251 

By  detentions  on  Ship  Ry 2.JWI 

"  in  locks  (26  at  30  minutes) 13.01 

Sailing  time  Chicago  to  Montreal.. 93.1'J 
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2nd.   Ottawa  Navigation. 

By  Lake  548.00  miles  at  15  miles  per  hour 36.53  hours. 

By  small  hikes      200.72         "      15  "  13.38  " 

By  Rivers  200.72         "      10  "  20.07  " 

By  Canals  29.32         "        7  "  4.19  " 

Bv  detentions  in  64  locks 32.00  " 


Sailing  time  Chicago  to  Montreal 106.17  hours. 

3rd.  Lakes,  Wetland  Canal  and  St.  Lawrence  River. 

hours. 
By  Lake — Chicago  to  St.  Clair  River  568  mi.  at  15  mi.  per  hr.  37.87 
By  St.  Clair  River  and  Canal  41.00  " 

By  Luke  St.   Clair  16.00  " 

By  Detroit  River  27.00  " 

By  Lake  Erie  218.25" 

By  Welland  Canal  26.75  " 

By  Lake  Ontario  161.00  " 

St.  Lawrence  River  161.37  " 

Canals  43.63  " 

By  detention  in  Welland  Canal — 27  locks — at  \  hour^each 13.50 

"       in  St.  Lawrence  Canals — 26  locks  at  A  each 13.00 
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Sailingtime  Chicago  to  Montreal 126.58 

4th.    Via  Michigan  Ship  Railway,  Lakes,  Welland  jCanal,  etc. 

By  Lake  Michigan  61  mi.  at  15  mi.  per  hr.     4.07  hrs. 

By  Mich.  Peninsula  Ship  Ry.  158J 
By  Lake  Erie  (to  Pt.  Colburn)230.00 
By  Welland  Canal  26.75 

By  Lake  Ontario  161.00 

By  St.  Lawrence  River  161.37 

Canals  43.63 

By  detentions  on  Ship  Ry 550  hrs. 

in  Welland  Canal 13.50" 

"         in  St.  Lawrence  Canals 13.00  " 

Sailingtime  Chicago  to  Montreal 107.04  hrs. 
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5th.    Via   Mich.  Peninsula  Ship  Ry.,   Lakes,  Niagara   Falls  Ship 
Railway  and  St.  Lawrence  River. 

By  Lake  Michigan  61         mi.  at  15  nri.  per  hour     4.07  hours. 

By  Mich.  Pen.  Ship.  Ry.    158£         "     10    "     "      "      15.85  " 

By  Lake  Erie  252.00      '«     15    "     "      "      16.80  " 

By  Niagara  Falls  Ship  Ry.  18£         "     10    "     "      "        1.85  " 

By  Lake  Ontario  146.00      "     15    "     "      "        9.73  " 

By  St.  Lawrence  River     161.37       "     10     "    "       "      16.14  " 

By  St.  Lawrence  Canals     43.63       "       7    "     '•      "         6.23  " 

By  detention  on  Mich.  Pen.  Ship  Ky 5.50  " 

"  Niagara  Falls  Ship  Ry 1.50  " 

"  in  St.  Lawrence  Canals 13.00  " 


Sailing  time  Chicago  to  Montreal 90.67  hours. 

6th.   Via  Michigan  Peninsula  Ship  Railway,  Lakes,  Niagara  Falls 
Ship  Canal  and  St.  Lawrence  River. 

By  Lake  Michigan                      61  miles  at  15  mi.  per  hour  4.07  hrs. 

"  Mich.  Pen.  Ship  Ry.          158|         "  10     "     "  "  15.85     " 

"  Lake  Erie                          252            "15    "     "  "  16.80     " 

"  Niagara  Falls  Ship  Canal    25            "  10    «     "  "     2.50     " 

"  Lake  Ontario                      139^            "  15    "     "  ';     9.30     " 

"  St.  Lawrence  River         161.37           "  10    "     "  "  16.14     " 

"  St.  Lawrence  Canals         43.63           "     7     "     "  "     6.23     " 

By  detention  on  Mich.  Peuinsula  Ship  Ry.  5.50     " 

"          "         "    Niagara  Falls  Canal  9.00     " 

"          "         «'    St.  Lawrence  Canals  13.00     " 

Sailing  time  Chicago  to  Montreal. 98.39     " 

RECAPITULATION. 

hours 
1st.  Via  Lakes,  Hurontario  Ship  Ry.  and  St.  Lawrence  River  93.14 
2nd.  Via  Ottawa  Navigation  106.17 

3rd.  Via  Lakes,  Welland  Canal  and  St.  Lawrence  River  126.58 

4th.  Michigan  Peninsula  Ship  Ry.  Lakes,  Welland  and  Niagara 

Falls  Canal,  etc.  107.04 

5th.  Michigan  Ship  Ry.  Lakes  &  Niagara  Falls  Ship  Ry.  90.67 

6th.         "         Ship  Ry.  Lakes,  Niagara  Falls  Ship  Canal,  etc.  98.39 
It  is  necessary  to  give  the  following  notes  for  the  purpose  of  ascer- 
taining the  correct  hasis  of  the  cost  per  ton  per  mile.     On  this  basis 
the  tables  which  follow  have  been  prepared  : — 
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ACTUAL  RAIL  RATES,  SEASONS  OF  1889  AND    1890. 

The  lowest  summer  rate  from  Chicago  to  New  York  was  20  cents 
■per  100  pounds  on  grain,  flour,  etc.,  or  Si. 00  per  ton,  4f40-  mills  per 
Eton  per  mile  via  shortest  line. 

About  T90  of  the  freight    East  and  West  comes    under    classes 

■  4,  5  and  6. 

At  25  cents  per  100  pounds  Chicago  to  New  York  (the  regular 
(schedule  rate),  or  §5.00  per  ton,  the  rate  per  ton  per  mile  is  5  ~  mills. 
IThe   mean  of  these  two  rates  is  almost  exactly  one  half  cent,  per  ton 

■  per  mile. 

The  summer  rate  from  Buffalo  to  New   York  is  11  cents  per  100 

■  pounds,  or  $2.20  per  ton  =  5i3oo  mills  per  ton  per  mile. 

The  regular  rate  on  grain  from  Buffalo  to  New  York  is  13  cents 
■per  100  pounds,  or  $2.60  per  ton  =  6:3Jo  mills  per  ton  per  mile. 

CHICAGO  TO  BOSTON. 

The  summer  rate  on  grain  is  25  cents  per  100  pounds,  or  $5.00  p  t 
ton  =  5  mills  per  ton  per  mile.  The  winter  and  all  year  rate  is  30 
cents  per  100  pounds  =  §6.00  per  ton,  or  6  mills  per  ton  per  mile. 

The  average  rates  from  Chicago  to  Montreal  are  the  same  as  from 
i  Chicago  to  New  York,  whieh   would  make  a  higher  rate  per  ton  per 
mile  than  is  given  above  irom  Chicago  to  New  York. 

Taking  rates  per  ton  per  mile  from  Chicago  to  New  York  and 
applying  on  roads  from  Chicago  to  Montreal  will  give  the  following  :  — 

J  Chicago  to  Montreal,  summer  rate ,         $3.68  per  ton. 

Regularrate §4.58     "     " 

Taking  same  rates  from  Chicago  to  Montreal  as  rule  to  New  York, 
we  have : — 

Chicago   to  Montreal,    summer  rate,  about  4|  mills  per   ton  per  mile 
mills),  and  regular  rate  equals  almost  6  mills  per  ton  per  mile. 

It  is  safe  to  assume  that  the  rates  from  Chicago  to  Montreal  on 
export  freight  will  never  be  much,  if  any,  lower  than  those  to  New 
York. 

Inasmuch  as  the  ocean  voyage  from  Montreal  to  Liverpool  is  only 
190  miles  shorter  than  from  New  York,  the  ditference  in  rates  could 
not  be  more  than  10  cents  per  ton. 

From  the  above  it  is  safe  to  assume  ^  cent  per  ton  per  mile  for  the 
railroad  rate  over  all  lines.  Assuming  this  as  the  rail  rate,  and  the 
following  rates  over  different  portions  of  the  water  route  and  over 
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ship  railways,  we  have  the  table  given  below.  In  order  to  fairly 
compare  routes,  the  rate  per  ton  per  mile  covers  cost  of  operation  of 
ship  railways  and  canals  and  six  per  cent,  interest  on  cost  of  construc- 
tion. 

TABLE. 

RATE   OVER    HIRONTARIO  SHIP   RT. — 3^    MILLS  PER  TON  MILE. 

Rate  over  Niagara  Falls  Ship  Ry  7    mills  per  ton  mile. 

"       on  Lakes \\     "       "      "       " 

"       "    Ocean \     "       "     "       " 

"       "  Michigan  Peninsula  Ship  Ry 3^     "         '     "       " 

"  "  "  "    Canal...        8       "       "     "       " 

"       "  Ottawa  Route 5       "       "     "       " 

"       "  St.  Lawrence  Canals 7       "       "     "       " 

"       "  Niagara  Falls  Ship  Canal 12.5   "        "     "       " 

"       "  Wefland  Canal 10       "       "     "       " 

One  of  the  conditions  importantly  affecting  the  various  routes  to 
the  seaboard  under  consideration  is  the  time  lost  during  the  year  by 
the  rigor  of  a  Northern  climate.  The  effect  which  this  suspension  of 
navigation,  of  from  126  to  150  days  out  of  the  365,  will  have  upon 
the  transportation  question  it  is  difficult  to  estimate. 

A  careful  examination  has  been  made  of  the  length  of  time  each 
year  that  different  harbours  will  be  closed  by  ice.  The  table  prepared 
by  Mr.  L.  E.  Cooley,  late  chief  engineer  of  the  Chicago  Drainage 
District,  appears  to  be  the  most  reliable,  although  authorities  differ, 
and  it  is  used  to  determine  the  length  of  time  that  each  of  the  routes 
will  probably  be  open  for  business. 

No.  years       No.  days 

Observa-         closed  Date  Date  Remarks. 

Locality.  tion.  average.       closing.  opening. 

Erie  Canal                 20  153  Dec  3  May  5     Official 

closing 

Welland  Canal          20  136  "    9  Apr.  24    Actual  closing 

Bnffalo.N.  Y.           10  126  "    16     Say  126  days 

Detroit  River                7  121  "2  "2 

Straits  of  Mackinaw  20  140  "    20      "  140  days 

St.  Mary's  Canal        10  147  "    3  "    29     Actual  closing 

Duluth                         9  132  "  26  May      7 

Montreal                      10  131  "  15  Apr.   24 

Hudson  River            19  107  "12  Mch.  29    Albany,  N.Y. 

111.  &  Mich.  Canal    41  126  Nov.  26  Apr.      1     Official  closing 

Illinois  River  11  &  34  70  Dec.  25  Mch.    4    Morris,  111. 

Mississippi  River      25  30 \  "    23  Jan.     23     St.  Louis,  Mo. 
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Using  the  above  mentioned  table,  and  30  days  for  one  month,  we 
find  the  various  routes  will  be  opened  for  business,  as  follows: — 

DESCRIPTION  OF  ROUTE. 

No.  of  Routes.  Days  open. 

1.  Hurontario  Route 225  days. 

2.  Ottawa  Navigation 205      " 

3.  Lakes,  Welland  Canal  &  St.  Lawrence  River 225      " 

4.  Peninsular  Routes,  Lakes,  Welland  Canal,  etc...         229      " 

5.  Peninsular   Route,    Lakes,   Niagara  Falls  Ship 

Ry.  and  St.  Lawrence  River 234       " 

6.  Peninsular   Route,    Lakes,    Niagara   Falls    Ship 

Canal  and  St.  Lawrence  River 229       " 

The  following  table  gives  the  results  of  all  of  the  preceding  tables, 
relating  to  length  of  route,  time  of  transit,  cost  per  ton,  and  length  of 
time  that  each  route  will  be  open. 

CHICAGO  TO  LIVERPOOL. 

Description  of  route. 

No.  of  days 
Ne.     of  Routes :  Length         Time         Cost         route  is 

miles         inhrs.         per  ton    open. 

1.  Hurontario  Ship  Ry.,  Lakes 

and  St.  Lawrence  River        4226  313.47         $3.48         225 

2.  Lakes  and  Ottawa  Naviga- 
tion 4203.76     326.50  4.59         205 

3.  Lakes,  Welland  Canal  and 

St.  Lawrence  River  4488  346.91  3.97         225 

4.  Mich.   Peninsula  Ship  Ry., 

Lakes,  Welland  Canal,  etc.     4067.25    327.37  3.66         229 

5.  Mich.  Pen.  Ship  Ry.,  Lakes, 
Niag.  Falls  Ship.  Ry.  &  St. 

Lawrence  4066         311.00  3.53         234 

6.  Mich.  Pen.  Ship  Ry.,  Niag. 
Falls   Ship   Canal   and   St. 

Lawrence  4066  318.72  3.70         229 

7.  All  rail  to  Montreal  4062  328.33  6.25         234 

8.  All  rail  to  New  York  4353         337.33  6.74        365 
Note. — Should  the  Canadian  Government  enlarge  the  St.  Lawrence 

Canals  at  its  own   expense,    deepen   the  river  where  required,   and 
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remove  the  tolls  to  commerce  from  Lake  Ontario  to  Montreal,  as  it  has 
done  seaward  of  Montreal,  there  can  be  deducted  from  total  cost  of  trans- 
portation from  the  Great  Lakes  to  Liverpool  by  this  route  20  to 
22  cents  per  ton.  The  Hurontario  route  to  Liverpool  will  then 
compare  with  the  all-rail  route  via  New  York  as  $3.26  per  ton  is  to 
$6.74,  that  is,  less  than  one-half  the  cost  by  rail,  or  a  saving  to  &  m- 
merce  in  one  year  on  8,000,000  tons  of  traffic,  of  more  than  the  entire 
estimated  cost  of  preparing  the  enlarged  water-way  from  the  foot  of 
Lake  Ontario  to  the  sea. 

The  competition  in  English  and  other  importing  markets  of 
Europe  between  the  wheat  of  our  Northwest,  the  Pacific  Coast,  India, 
Russia  and  the  Argentine  is  so  close,  that  a  substantial  advantage  in 
cost  of  transportation  like  the  above  to  both  Canadian  and  United 
States  cereal  producers  will  at  once  work  a  revolution  in  trade,  and 
lead  to  an  important  development  of  agricultural  products  and  to  a 
material  prosperity  over  the  450,000  square  miles,  comprising  the 
basin  of  the  Great  Lakes,  and  extending  to  the  lands  outside  and 
remote  from  it,  but  capable  of  reaching,  by  rail  or  water  routes,  its 
seaports,  as  the  great  cities  of  the  lake  will  then  be. 

SHIP    RAILWAY    DISCUSSION. 

The  author  has,  without  any  hesitation,  placed  on  an  equality,  as 
transportation  methods,  the  ship  railway  and  the  ship  canal.  The 
former  he  considers  superior  in  many  respects. 

1st.  The  cost  of  construction  at  each  special  location  is  more  than 
50  per  cent,  less  than  the  cost  of  a  ship  canal  to  handle  the  same  class 
of  vessels  and  an  equal  amount  of  traffic. 

2nd.  The  cost  of  operation  and  maintenance  will  be  less. 

3rd.  The  rate  of  speed  will  be  greater,  and  there  will  be  much  less 
detention  en  route. 

These  features  have  been  brought  out  fully  in  the  plans  of  the 
Tehuantepec  and  Chignecto  Ship  Railways, and  in  the  discussions  which 
for  ten  years  have  been  before  the  world,  comparing  the  methods  by 
railroad  and  barge  canal  and  by  ship  railway  and  ship  canal.  The 
most  extended,  minute  and  careful  examinations  and  investigations 
have  been  made.  The  results  in  the  case  of  the  Tehuantepec  Ship 
Railway  were : — 

1st.  The  Mexican  Government  became  so  well  assured  of  the 
practicability  of  the  method,  that  it  agreed  to  guarantee  the  interest 
on  the  cost  of  the  railway  up  to  $1,200,000  per  annum. 
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2nd.  The  leadiug  and  most  experienced  naval  architects  of  this 
country  and  England  gave  their  full  approval  to  the  method  and  the 
plan. 

3rd.  Many  vessel  owners  and  navigators  of  England  and  this  coun- 
try expressed  an  entire  willingness  to  entrust  their  vessels  to  the  ship 
railway. 

As  to  the  Chignecto  Ship  Railway,  the  Dominion  Government 
wisely  adopted  the  plan  of  the  ship  railway  instead  of  the  ship  canal, 
and  guaranteed  the  interest  on  the  cost  of  the  work.  Endish  capital 
is  constructing  it,  and  the  leading  engineers  of  Great  Britain,  if  not 
of  the  world,  have  charge  of  its  construction. 

The  United  States  Government,  after  an  exhaustive  examination 
in  this  country  and  Europe,  by  a  Board  composed  of  three  Govern- 
ment engineers  of  high  rank  and  ability,  adopted  a  .ship,  or  a  boat, 
railway  to  avoid  the  rapids  of  the  Columbia  River  in  Oregon. 

The  well-considered  detailed  plans  of  the  Tehuantepec  Ship  Rail- 
way, worked  out  carefully  by  the  late  Mr.  James  B.  Eads,  and  which 
contemplated  a  railway  for  the  transit  of  vessels  of  a  displacement 
weight  of  5000  tons,  have  formed  the  basis  of  the  plans  for  the  Hur- 
ontario,  Michigan  Peninsula  and  Niagara  Falls  Ship  Railways  pro- 
posed in  this  paper,  and  the  cost  of  transportation,  carefully  ascer- 
tained by  Mr.  Eads  and  his  associates,  has  been  applied  to  these  rail- 
ways, taking  into  due  account  the  difference  in  conditions. 

The  author  had  the  good  fortune  last  summer  to  examine  person- 
ally the  route,  the  consti'uctions  and  the  detailed  plans  of  the  sub- 
structure, superstructure  and  the  mechanical  appliances  of  the  lifting 
docks,  and  the  equipment  as  well,  including  the  motive  power  of  the 
Chignecto  Ship  Railway.  There  is  no  doubt  in  his  mind  of  entire 
success  in  the  construction,  operation  and  economy  of  this  railway. 
There  is  nothing  novel  in  the  methods,  only  in  the  combination  of 
methods.  Vessels  are  at  present  raised  out  of  the  water  continually, 
whether  loaded  or  unloaded,  on  hydraulic  lifts,  by  marine  railways 
and  by  floating  docks. 

The  views  and  the  advanced  thought  of  ship  builders  on  the  Lakes 
may  be  seen  from  the  following  extract  from  a  letter  of  date  Decem- 
ber 19th,  1890,  by  Mr.  W.  I.  Babcock,  manager  of  the  Chicago  Ship 
Building  Company,  which  is  now  engaged  in  building  large  steel  ves- 
sels at  Chicago,  on  Lake  Michigan,  and  to  whose  Company  the  author 
had  written  to  ascertain  if  it  was  prepared  to  build  vessels  of  5000 
tons  displacement  weight,  when  laden,  with  a  draft  of  20  feet,  to  navi- 
gate the  route  between  Chicago  and  Liverpool,  66  miles  of  which 
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would  be  over  a  ship  railway  between  Georgian  Bay  and  Toronto. 
Mr.  Babcock,  on  behalf  of  his  Company,  replies  as  follows  : — 

"  The  question  of  the  size  of  vessels  that  can  be  built  here  seems  to 
be  the  only  one  on  which  Mr.  Corthell  desires  information,  and  I 
would,  therefore,  say,  that  at  this  yard  we  can  build  anything  from 
400  feet  over  all,  50  feet  beam,  and  any  depth,  provided  that  a  chan- 
nel such  as  he  specifies  can  be  used  to  salt  water.  There  would  be,  of 
course,  no  reason  why  we  could  not  build  vessels  for  any  service  there 
if  we  get  money  enough  for  them.  As  for  transporting  such  vessels 
on  a  ship  railway  between  Georgian  Bay  and  Toronto,  I  believe  such 
a  carriage  is  entirely  feasible,  and  that  no  special  arrangement  would 
be  required  on  the  vessel  herself  at  all.  It  would,  therefore,  be  entirely 
immaterial  to  us  as  ship  builders  what  was  done  with  the  vessel  after 
she  left  the  yard." 

The  increasing  size  of  rolling  stock,  both  motive  power  and  freight 
cars,  on  ordinary  railroads,  has  proven  the  great  advantage  in  carry- 
ing greater  and  greater  loads  at  one  time.  A  few  years  ago  10  ton 
cars  were  the  rule  in  this  country.  Now,  30  tons  are  becoming  more 
and  more  numerous.  Oars  for  still  larger  loads  for  special  purposes 
are  becoming  more  and  more  common,  and  the  locomotives  have 
increased  in  weight  and  power  from  30  and  40  tons  to  90  and  100  tons, 
and  the  cost  of  transportation  has  been  redueed  from  2^  cents  to  \ 
cent  per  ton  mile. 

A  ship  railway  is  the  logical  result  of  the  continual  improvements 
in  railroad  methods  from  the  time  of  the  first  railroad  to  the  present. 
If  it  is  possible  to  raise  vessels  and  transport  them  over  land  with 
safety  and  economy,  why  should  they  be  compelled  to  make  great 
detours  costing  time  and  money  ? 

If  the  immense  business  between  the  St.  Lawrence  and  the  coast  of 
New  Brunswick  and  New  England  can  save  500  to  700  miles  by  oper- 
ating a  railway  17  miles  long  across  the  Chignecto  Isthmus,  why 
should  it  continue  to  take  this  long  and  dangerous  voyage  around  Nova 
Scotia  ?  If  engineering  skill  can  provide  lifts  and  a  railway  and  motive 
power  that  can  haul  vessels  weighing  2000  to  2,500  tons,  as  already 
arranged  for  at  Chignecto,  who  will  say  that  it  cannot  design,  con 
struct  and  successfully  operate  a  railway  that  will  handle  vessels 
weighing  5000  tons  ?  Necessity  knows  no  law,  and  this  applies  tc 
commerce  as  well  as  to  other  things  ;  and  the  [demands  of  this  com 
merce  and  of  a  great  people,  seeking  the  markets  of  the  world  by  the 
least  expensive  route,  will  be  satisfied  with  nothing  less  than  the  most 
approved  and  economical  methods  which  it  is  in  the  power  of  man  to 
provide. 
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The  question  now  arises,  how  can  the  desired  and  best  route  be  pro- 
vided ?    Will  the  mutual  interests   of  two  great  countries  between 
which  the  St.  Lawrence  River  is  a  dividing  line,  in  part,  and  through 
one  of  which,  having  passed  an  artificial  and  arbitrary  line,  it  finds  its 
way  to  the  sea,  bearing  the  commerce  with  it,  be  willing  to  unite  to 
construct  the  ship  canals  and  ship  railways  necessary  to  remove  the 
obstructions  to  navigation  ?     Will  the  Great  Northwest,  both  of  the 
United  States  and  Canada,  with  its  millions  of  people,   its  rapidly 
growing  cities,  centers  already  of  finance  and  commerce,  with  the  con- 
stantly increasing  business  of  the  Great  Lakes — a  common  heritage  of 
both  nations  and  free  to  both,  and  God-given — will  these  two  nations, 
with  so  much  in  common,  permit  longer   arbitrary  national  boundary 
lines  to  remain  a  barrier — a  Chinese  wall — to  the  commerce  of  both  ? 
Shall  cities  like  Chicago,  Milwaukee,  Duluth,  Buffalo,   Cleveland  and 
Toronto  be   longer  compelled  to    send   their  exports  to  Europe  and 
receive  their  imports  by  expensive  channels,  when  they  can  load  them 
for  Liverpool  or  Havre  at  their  own  wharves,  and  receive  their  imports 
directly  at  those  wharves  from  the  ports  of  the  Old  World  ? 

If  these  two  Governments,  so  closely  united  in  commercial  relations, 
cannot,  on  account  of  grave  political  reasons,  unite  in  the  construction 
of  the  desired  route,  then  why  should  not  Canada  herself  undertake 
the  task  and  assume  the  burden  of  its  cost  ?  The  reasonable  plan 
appears  to  be  for  that  Government  to  enlarge  the  St.  Lawrence  Canals 
and  the  intermediate  river  reaches,  where  necessary,  for  the  navigation 
recommended  by  the  author,  and  to  encourage  the  construction  of  the 
Hurontario  Ship  Railway  by  guaranteeing  the  interest  on  its  cost,  as  it 
has  already  done  on  that  of  the  Chignecto  Ship  Railway.  That  Govern- 
ment must  now  provide  these  new  and  enlarged  channels  of  commerce, 
or  see  the  vast  amounts  already  expended  practically  lost  through  its 
inability,  or  its  unwillingness,  to  meet  the  demands  of  commerce.  It 
will  inevitably  see  the  greatest  commerce  of  the  world  diverted  from  its 
natural  channel,  and  taken  out  of  its  domains  into  the  artificial  chan- 
nels of  its  neighbour's  territory,  to  enrich  and  develop  a  country  lying 
along  these  artificial  routes.  The  commerce  and  financial  importance 
in  every  way  to  Montreal  and  to  other  cities,  both  Canadian  and  United 
States,  situated  on  this  enlarged  natural  water-way,  can  scarcely  be 
over-estimated.  To  be  in  the  pathway  of  such  a  commerce,  as  will 
move  from  the  great  Northwest  to  the  Old  World  and  back  again,  will 
insure  to  any  city  situated  upon  ifc  a  prosperity — commercial,  industrial 
and  financial — surpassing  the  most  sanguine  anticipations. 

The  argument  may  be  brought  forward  that,  on  account  of  the  close 
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competition  between  the  present  routes  by  way  of  the  several  ports 
along  the  Atlantic  seaboard  to  Liverpool,  there  is  such  slight  difference 
in  rates,  that  no  advantage  would  accrue  from  an  enlarged  water-way 
commensurate  with  the  great  expenditures  required  to  obtain  it. 
Granted  that  the  case  may  even  be  similar  to  that  of  the  Mississippi 
River,  upon  which  the  United  States  Government  is  spending  already 
vast  amounts  in  removing  the  obstructions  from  its  mouth  nearly  to  its 
source,  but  which  does  not  have  upon  it  the  amount  of  business  antici- 
pated— the  railroads  being  able  on  shorter  lines  to  move  the  freight  to 
the  seaboard — nevertheless  it  stands  there  as  a  great  regulator  and 
minimizer  of  freights.  When  for  any  reason  the  slightest  increase 
rates  occurs  over  the  rail  routes,  the  freight  is  given  to  the  barges  and 
boats,  and  the  products  then  reach  New  York  and  other  Atlantic  ports 
via  the  mouth  of  the  Mississippi,  and  the  rates  again  come  down  to  a 
water  rate. 

If  an  enlarged  water-way  shall  compel  the  slightest  reduction  in 
through  rates  to  the  Atlantic  seaboard  and  Europe,  the  producers  will 
reap  the  advantage,  whether  the  new  route  obtains  the  larger  part  of 
the  business  or  not.  If  this  route  can  carry  freights  to  Liverpool 
cheaper  than  the  present  rates,  and  shall  do  so  to  any  extent  whatever, 
then  all  the  other  routes  must  come  down  in  rates  to  meet  it. 

There  is,  however,  no  question  about  this  enlarged  channel  from 
Chicago,  Duluth  and  Port  Arthur  to  Liverpool  obtaining  a  large  part 
of  the  European  business.  The  enlarged  facilities  proposed  will  vastly 
increase  the  volume  of  the  carrying  trade  between  the  Northwest  and 
the  Old  World.  The  advantage  to  the  country  bordering  on  the  Great 
Lakes  and  the  St.  Lawrence  can  scarcely  be  over-estimated.  The 
increase  in  commerce  everywhere,  and  the  material  prosperity  sure  to 
quickly  follow  the  opening  of  such  a  route  outlined  in  this  paper,  is 
beyond  conception. 

It  is  estimated  by  statisticians  that  the  Mississippi  Paver  gives  a  direct 
advantage  to  the  producers  of  the  Mississippi  Valley,  amounting  to  from 
50,000,000  to  100,000,000  dollars  per  annum.  The  St.  Lawrence 
route  will  give  a  direct  advantage  uot  only  to  agricultural  producers 
but  to  manufacturers,  importers  and  merchants,  and  through  them  to 
all  the  people.  "  Direct  trade  with  Europe  "  should  be  the  demand 
of  the  Northwest  and  of  all  the  country  tributary  to  it.  The  direct 
pecuniary  advantage  to  the  people  should  not  be  estimated  at  less  than 
8200,000,000  per  annum. 

As  civil  engineers  we  should  promote  in  all  possible  ways  the 
development  of  these  commercial  routes,  and  lend  our  good  offices  to 


in 
id 


Between  the  Great  Lakes  and  Atlantic.  73 

;he  patriotic  effort  to  improve  the   commercial  conditions  of  what  is 
ifter  all  a  common  country. 

I'h  ■  author  is  greatly  indebted  to  the  officials  of  the  Dominion  and 
United  States  Government,  and  to  other  persons,  for  the  information 
ry  to  compile  and  to  write  this  paper.  He  is  particularly 
ndebted  to  Sir  Hector  Langevin,  Minister  of  Public  Works  of  the 
Dominion  of  Canada  ;  and  Mr.  Baillairge-,  Deputy  Minister;  Mr.  H.  F. 
Perky,  chief  engineer  Public  Works  Department ;  Mr.  John  Kennedy, 
shief  engineer  of  the  Montreal  Harbour  Commission ;  Mr.  Gr.  P.  Brophy 
jand  Mr.  Thomas  C.  Keefer  of  Ottawa,  Mr.  Walter  Shanley  of  Mon- 
treal, M.  P.,  Superintendent  U.  S.  Census;  United  States  Commis- 
sioner of  Navigation;  Chief  of  the  Bureau  of  Statistics  U.  S. ;  Colonel 
<>.  M.  Poe,  U.  S.  engineer;  Capt.  W.  L.  Marshall,  U.  S.  engineer; 
Hon.  D.  Blain,  Mr.  Kivas  Tully  and  Mr.  Joseph  Blakeley  of  Toronto, 
also  to  Mr.  Chas.  H.  Keep,  secretary  Lake  Carriers'  Association  ; 
fecretaries  of  the  Boards  of  Trade  of  Buffalo,  Cleveland,  Chicago 
and  Duluth ;  Mr.  L.  E.  Cooley,  president  Western  Society  of  Engi- 
neers ;  and  to  the  author's  associate,  Mr.  A.  F.  Robinson,  civil 
engineer. 

From  the   drawing  accompanying  this   Paper  Plate  II  has  been 
prepared. 


Mr.  Blain. 


DISCUSSION  ON  MR.  CORTHELL  S  PAPER  ON 
"ENLARGED  WATERWAY,"  ETC. 

TORONTO    BRANCH    DISCUSSION. 

Mr.  David  Blain  said  he  fully  endorsed  Mr.  Corthell's  views,  and  I 
considered  the  Ottawa  River  and  Trout  Lake  route  as  now  imprac- 
ticable, and  that  the  Georgian  Bay  and  Lake  Ontario  route  offers 
greater  advantages. 


Prof.  Gaibraith  Professor  Galbraith  said  the  fact  of  there  being  at  present  no  ship 
railway  in  operation,  and  hence  that  no  practical  knowledge  exists  of 
its  working,  must  not  be  lost  sight  of.  The  speaker  would  introduce 
Captain  Crangle,  who  would  give  his  views. 


Capt.  Crangle. 


Mr.  Redway. 


Captain  Crangle  said  he  was  a  practical  sailor,  having  had  35  years 
experience.  That  there  is  being  now  introduced  a  new  type  of  vessel: 
called  the  "  Whaleback,"  the  object  being  large  tonnage  capacity  at 
minimum  amount  of  material  used  in  building ;  and  he  was  of  opinion 
that  a  vessel  of  this  kind  would  suffer  serious  injury  by  being  carried 
on  a  ship  railway.  He  would  not  like  to  say  a  steamship  railway  is 
not  feasible,  but  it  is  as  yet  unproven.  He  considered  the  Chignecto 
Ship  Railway  may  be  feasible  for  small  coasting  craft,  but  he  had 
grave  doubts  whether  a  vessel  250  ft.  in  length  could  be  transported 
by  a  ship  railway  without  occasioning  damage  to  the  vessel,  the 
weight  of  the  vessel  and  cargo  being  3,000  tons.  He  considered  that 
the  vessel  should  be  in  a  cradle  on  a  pivot,  so  as  to  keep  it  always  level ; 
that  one  of  the  greatest  objections  he  sees  to  a  ship  railway  is  that  it  is 
similar  to  dry  docking  a  loaded  vessel,  and  in  his  experience  he  could 
always  see  places  where  unequal  straining  had  occurred  by  such  a 
process. 

Mr.  Redway  observed  that  the  question  of  carrying  a  loaded  vessel  | 
by  railway  had  been  discussed  in  England  10  years  ago,  when  Captain 
Eads  presented  his  projected  Isthmus  of  Tehuantepec  Ship  Railway, 
and  it  was  then  generally  admitted  to  be  feasible.  That  at  the  Edin- 
burgh Exhibition,  held  a  short  time  ago,  there  was  a  model  shown  of 
the  method  of  transporting  a  loaded  vessel  in  water  over  a  ship  railway, 
and  that  the  Commission  appointed  to  report  considered  that  a  ship 
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ad  cargo  weighing  5,000  tons  could  be  safely  carried  any  distance  on 
properly  constructed  ship  railway. 

Professor  Galbraith  said  it  is  the  carrying  out  of  the  pri  nciple  on  a  Prof.  Gaibraith 
arge  scale  where  the  difficulty  arises,  the  tank  would  have  to  be  trans- 
ported with  the  same  care  as  the  ship. 

Mr.  Red  way  replied,  it  is  not  a  tank.    -  Mr.  Redway. 

Professor  Galbraith  observed  it  is  a  vessel  floating  in  a  tank,  whether  Prof.  Gaibraith 
there  is  75  of  an  inch  of  water  or  16  feet  of  water.     The  experiment  on 
a  small  scale  may  be  successful,  but  carried  out  practically  the  trouble 
increases  in  geometric  ratio. 

Mr.  Kivas  Tally  said  he  felt  obliged  for  the  invitation  to  be  present.  Mr.  Tuiiy. 
He  considered  that  raising  loaded  vessels  out  of  water  and  carrying  by 
railway  had  been  pronounced  upon  as  feasible  by  eminent  experts; 
that  personally  he  had  no  doubt  it  could  be  done ;  that  a  ship  railway 
is  not  subject  to  a  difference  of  grade ;  that  no  curves  are  less  than 
20  miles  radius;  that  deflections  are  done  by  turn-tables.  The  plat- 
form will  be  rigid,  the  cars  supported  by  a  large  number  of  wheels, 
none  of  which  will  carry  more  than  five  or  six  tons  ;  that  if  any  one 
doubted  the  feasibility  of  lifting  a  vessel  out  of  water  and  carrying  by 
a  ship  railway,  he  would  refer  him  to  the  model  in  New  York,  made 
under  the  directions  of  the  late  Captain  Eads. 

Mr.  Alan  Macdougall  considered  it  difficult  to  discuss  the  engineer-  Mr.Macdougail 
ing  question  involved  in  the  carriage  of  loaded  vessels  up  to  5,000  tons 
gross  by  ship  railway  without  experience,   and  that  the   operation  of 
the  Chignecto  Ship  Railway  would  be  awaited  with  interest. 


CORRESPONDENCE. 

Hon. E. Murphy      The  Hon.  Edward  Murphy  of  Montreal  considered  the  undertaking 
too  great,  and  that  it  would  involve  a  serious  loss  of  time  to  vessels  in  \ 
transit. 


Mr.  Clarke.  Mr.  Thos.  C.  Clarke  endorses  Mr.  CorthelPs  views  as  to  the  supe- 

rior advantages  of  a  ship  railway  over  any  other  means  for  connect- 
ing Lakes  Huron  and  Ontario. 

Mr.  Buddeii.  Mr.  Henry  A.  Budden  of  Montreal  considers  the  operation  of  the 
Chignecto  Ship  Railway  necessary  to  establish  the  feasibility  of  the 
project  aimed  at  by  Mr.  Corthell.  Mr.  Budden  considers  transporta- 
tion of  grain  by  barges  from  Port  Colborne  on  Lake  Erie  to  Montreal, 
and  thence  by  ocean  steamer,  as  the  best  means  of  transit. 

Mr.  Tate.  Mr.  R.  F.  Tate  is  satisfied  that  a  ship  canal  as  proposed  can  be 

constructed  and  successfully  operated,  and  considers  that  Mr.  Corthell 
is  right  in  his  dimensions  for  securing  ample  water-way — both  breadth 
and  depth . 

Mr.  Giebome.  Mr.  F.  N.  Gisborne  considers  the  economic  capacity  for  grain- 
carrying  vessels  must  be  considered  independently  of  their  mode  of 
transit  by  canal  or  ship  railway,  and  he  considers  the  route  via  the 
Peace  and  Saskatchewan  Rivers,  via  St.  James  Bay  and  St.  Johns 
Lake  to  Seven  Islands  Harbour  in  the  Gulf  of  St.  Lawrence,  as  offering 
in  the  future  an  effective  route  to  England  for  the  North  West. 

Mr.  Ruttan.  Mr.  H.  N.  Ruttan  of  Winnipeg  points  out  a  practicable  water  route 

to  Liverpool  from  Fargo  and  Winnipeg,  via  Lake  Winnipeg,  the  Nelson 
or  Hayes  Rivers  and  Hudson  Bay. 

That  both  the  Nelson  and  Hayes  Rivers  offer  practical  routes  to  the 
sea  from  Lake  Winnipeg,  and  that  by  improving  the  Nelson  River 
and  the  construction  of  ship  canals  or  ship  railways,  ocean  steamers 
may  be  brought  into  Lake  Winnipeg,  and  possibly  to  the  mouth  of 
the  Red  River,  offers  an  alternative  route  between  Lake  Winnipeg  and 
Hudson  Bay. 
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That  the  Hayes  River  is  open  from  about  the  20th  May  to  the  20th 
November,  and  that  Hudson  Straits  are  navigable  for  at  least  4£ 
nonths  in  the  year.  That  the  distance  in  miles  from  Winnipeg  via 
ludson  Bay  to  Liverpool  is  3,262. 


Thursday,  26th  February. 

J.  KENNEDY,  Vice-President,  in  the  Chair. 

The  discussion  of  Mr.  E.  L.  Corthell's  paper  on'an  "  An  Enlarged 
(Vater-Way  Between  the  Great  Lakes  and  the  Atlantic  Seaboard  " 
occupied  the  evening. 


Thursday,  26th  March. 
J.  KENNEDY,  Vice-President,  in  the  Chair. 
Paper  No.  49. 

THE  CONSTRUCTION  OF  THE  COTEAU  BRIDGE. 
By  G.  A.  Mountain,  M.  Can.  Soc.  C.E. 

In  the  autumn  of  1888  the  Canada  Atlantic  Railway  Company 
decided  to  replace  the  ferry  used  for  the  transportation  of  cars 
across  the  River  St.  Lawrence,  between  Coteau  Landing  and  Valley 
field,  by  a  bridge,  the  ferry  being  found  inadequate  for  fche  Com- 
pany's constantly  increasing  business. 

After  numerous  careful  surveys  extending  over  a  period  of  three 
seasons,  the  site  finally  selected  for  the  bridge  was  at  the  head  of 
the  Coteau  Rapids,  37  miles  west  of  the  city  of  Montreal.  This 
site,  while  it  possessed  many  advantages  of  importance  to  the  Com- 
pany on  the  score  of  economy,  on  account  of  the  islands  situated  on 
the  line  of  the  proposed  bridge,  also  possessed  many  difficulties  from 
an  engineering  point  of  view,  principally  the  depth  and  velocity  of 
the  water. 

The  width  of  the  river,  which  at  the  bridge  site  is  narrower  than 
at  any  other  point  in  the  vicinity,  is  divided  by  two  islands  into 
three  distinct  channels.  The  north  or  steamboat  channel  from  the 
north  shore  to  Giroux  Island  is  885  feet  in  width.  The  centre 
channel  from  Giroux  Island  to  Round  Island  is  2210  feet  in 
width,  and  the  south  channel  from  Round  Island  to  the  south  shore 
is  930  feet  in  width.  The  length  across  Giroux  Island  is  905 
feet,  and  across  Round  Island  1220  feet,  making  a  total  length  of 
6150  feet  from  north  to  south  shore,  with  4025  feet  of  bridging. 

The  banks  of  the  river  on  either  side  of  the  bridge  site  and  the 
intervening  islands  are  low,  and  sloping  toward  the  water,  and  it  was 
on  this  account  that  a  low  level  bridge,  with  a  swing  over  a  portion 
of  the  north  or  steamboat  channel,  was  decided  upon. 

The  elevation  of  the  rail  level  of  the  bridge,  which  is  a  through 
truss  from  end  to  end,  is  25  feet  above  the  ordinary  summer  water 
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nl.  The  alignment  of  the  bridge  is  a  tangent  from  shore  to 
tore,  and  is  divided  into  spans,  as  follows  :  The  north  or  steamboat 
fennel  is  composed  of  two  fixed  spans  of  175  feet  each  centre  to 
lentre,  one  of  139  feet  centre  to  centre,  and  one  swing  span  of  355 
jeet  centre  to  centre  of  toe-seats,  giving  an  opening  on  either  side 
If  the  pivot  pier  of  160  feet  in  the  clear.  The  centre  channel  is 
oinposed  of  ten  fixed  spans  of  217  feet  each  centre  to  centre,  and 
Ihe  south  channel  of  four  fixed  spans  of  223  feet  each  centre  to 
sentre.  The  islands  are  at  present  crossed  by  trestle  work,  which  it 
Is  the  intention  of  the  Company  to  fill  and  form  a  solid  embank- 
nent. 

!  In  the  north  or  steamboat  channel  adjoining  the  Coteau  shore, 
the  velocity  of  the  current  is  seven  miles  per  hour,  and  on  account 
pf  navigation  the  course  of  steamboats  and  rafts  passing  down  had 
to  be  kept  clear,  and  the  dredges,  barges,  and  plant  used  in  the  con- 
struction were  in  constant  danger  of  being  run  into  and  sunk.  The 
(velocity  of  the  current  in  the  centre  channel  is  between  five  and 
six  miles  per  hour,  and  the  shoal  water  1000  feet  above  the  bridge 
line  rendered  the  navigation  of  the  tugs  and  barges  very  difficult. 
In  the  south  channel  the  velocity  of  the  current  being  six  miles  per 
pour,  and  the  bed  of  the  river  above  the  bridge  line  bare  rock,  great 
(difficulty  was  experienced  in  the  anchorage. 

The  maximum  depth  of  the  water  in  the  north  channel,  in  which 
were  placed  four  piers,  including  the  pivot  pier  and  two  abutments, 
is  30  feet,  the  minimum  being  24  feet,  and  the  borings  showed  a 
covering  of  from  4  to  6  feet  of  cemented  gravel  and  boulders  above 
the  bed  rock. 

The  maximum  depth  of  the  water  in  the  centre  channel,  in  which 
were  placed  nine  piers  and  two  abutments,  was  26  feet,  the  minimum 
depth  being  20  feet,  and  the  borings  here  showing  a  covering  of  from 
-  feet  of  cemented  gravel  and  boulders  above  the  bed  rock. 

The  maximum  depth  of  the  water  in  the  south  channel,  in  which 
were  placed  three  piers  and  two  abutments,  was  24  feet,  the  mini- 
mum depth  being  20  feet,  with  a  covering  of  from  3  to  6  feet  over 
bed  rock  of  a  similar  material  to  that  found  in  the  other  channels. 

No  trouble  whatever  was  experienced  from  the  variation  of  water 
level,  the  rise  and  fall  not  exceeding  2  '  6  ". 

It  might  be  in  place  here  to  mention  the  manner  in  which  the 
triangulations  were  performed  to  obtain  the  widths  of  the  different 
channels,  and  in  which  the  positions  for  the  piers  were  arrived  at. 

The  instruments  used  were  an  eight  inch  transit,  a  300  foot  steel 
tape,  and  pickets. 
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Owing  to  the  marshy  ground  on  the  north  shore  on  either  side  of 
the  bridge  site  it  was  no  easy  matter  to  obtain  a  base  line,  and  advan- 
tage was  taken  of  the  winter  when  these  marshes  were  a  solid  level 
field  of  ice ;  on  them  a  base  line  was  measured  at  right  angles  to  the 
line  of  bridge,  and  from  this  base  the  width  of  the  north  or  steamboat 
channel  was  calculated.  The  hypothenuse  of  this  right  angle  triangle 
was  then  used  as  a  calculated  base  line  to  establish  a  point  on  Maple 
Island,  situated  mid-way  in  the  centre  channel,  and  about  1200  feet 
below  the  line  of  bridge.  By  connecting  this  point  with  a  point  on  line 
of  bridge  on  the  south  shore  of  Griroux  Island,  gave  a  calculated  base 
from  which  the  width  of  the  centre  channel  was  obtained  ;  these 
operations  were  carried  on  in  a  similar  manner  from  the  south  shore 
and  the  point  on  Maple  Island  was  again  established  from  this  side 
giving  the  adjoining  side  of  the  centre  triangle.  Taking  this  side  aa 
a  calculated  base,  the  distance  across  the  centre  channel  was  agair 
obtained,  checking  with  the  distance  calculated  from  the  north  side 
to  within  .06  of  a  foot.  The  point  thus  established  on  Maple  Island 
was  used  in  laying  off  the  angles  for  the  position  of  each  of  the  nine 
piers  in  the  centre  channel.  A  point  was  similarly  established  on 
Swan  Island,  situated  in  the  south  channel  about  1000  feet  below  the 
line  of  bridge,  and  from  which  the  angles  were  laid  off  for  the  posi- 
tion of  the  three  piers  in  the  south  channel.  A  point  was  also 
established  on  Mcintyre's  Island,  situated  in  the  north  channel  about 
1200  feet  above  the  bridge  line,  and  from  which  angles  were  laid  off 
for  the  position  of  the  four  piers  in  the  north  channel.  The  angles  P 
were  taken  by  two  engineers,  and  by  the  method  known  as  repeating  I 
the  angles  and  the  mean  of  this  repetition  taken,  any  little  variation 
found  in  the  three  angles  of  a  triangle  from  180°  was  divided  pro- 
portionately among  the  three  angles.  Two  months  were  spent  in 
this  manner  during  the  winter,  until  the  engineers  were  fully  satis- 
fied that  the  widths  of  the  channels  and  the  position  of  the  piers  j 
were  accurately  obtained.  A  plan  was  then  made  on  a  scale  of  50 
feet  to  the  inch,  and  with  all  distances  and  angles  marked  on  it, 
little  trouble  was  necessary  to  fix  the  position  of  a  pier  at  a  few 
moments'  notice. 

The  specifications  for  the  substructure  required  a  bottomless] 
caisson  20 '  in  width  and  67  '  in  length  over  all,  and  pointed  at  both 
ends,  the  bow  being  a  right  angle  and  the  stern  somewhat  more 
acute  ;  this  was  done  for  the  purpose  of  steadying  the  caisson  in  the! 
rapid  current,  and  also  to  prevent  the  formation  of  an  eddy.  The 
walls   of  these  caissons  were   built  of  12"  x  12"  pine  timber,  and 
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were  stiffened  by  means  of  30  uprights  fastened  to  the  wall  on  the 
inner  side,  and  tied  across  by  45  cross  ties  placed  about  4  foot  cen- 
tres, all  of  the  same  material  and  dimensions,  they  being  heavily 
spiked  and  bolted  together. 

The  caisson  used  for  the  pivot  pier  was  designed  in  the  shape  of 
in  octagon  36  '  in  width  with  sides  of  15  '  in  length,  and  was  built 
pf  similar  material  and  dimensions  as  used  in  the  caissons  for  the 
)ther  piers. 

The  specifications  for  the  masonry  in  the  bridge  abutments  and 
piers  required  to  be  first  class  in  every  respect,  and  of  the  best  and 
largest  stone  that  the  quarries  afforded.  They  required  to  be  sound 
vnd  durable,  free  from  all  drys,  shakes,  or  flaws  of  any  kind  what- 
ever, and  must  be  of  such  a  character  as  to  withstand  the  action  of 
;he  weather.  No  course  less  than  15"  in  thickness  was  allowed. 
The  beds  of  all  stone  for  face  work,  and  the  backing,  where  required 
X)  receive  headers,  were  dressed  parallel  throughout,  so  as  to  form 
quarter  inch  joints,  and  the  vertical  joints  of  the  face  stone  were 
Iressed  back  square  for  9",   so  as  to  form  quarter  inch  joints. 

Headers  were  built  in  every  course  not  more  than  6'  apart,  and  so 
irranged  with  the  adjoining  courses  as  to  leave  them  equally  distri- 
cted over  the  faces  of  the  structure  ;  they  have  a  length  in  the  face  of 
vork  of  not  less  than  24"  and  a  depth  of  at  least  two  and  one  half 
irnes  their  height. 

Stretchers  required  to  be  not  less  than  30",  and  their  breadth  must 
)e  at  least  one  and  one  half  times  their  height.  The  vertical  joints 
nust  be  so  arranged  as  to  overlap  those  in  the  course  below  at  least  1 
bot. 

The  copings  and  bridge  seats  of  all  piers  and  abutments  required  to 
)e  24"  in  thickness,  and  dressed  square  throughout  to  quarter  inch 
oints. 

The  vertical  joints  of  the  cutwater  stones  were  dressed  back  square 
o  the  full  depth  of  the  stone.  Iron  clamps  of  10"  in  length  were  used 
n  clamping  the  cutwaters.  Dowells  of  an  inch  and  one  half  round 
ron  were  let  through  one  course  and  oue  half  of  masonry.  Over  the 
;utwaters  nose  pieces  of  §  inch  steel  were  placed  12'  in  length  and  run- 
ling  back  2'  on  either  side,  bolted  by  means  of  fox  wedges  to  the 
nasonry. 

All  masonry  was  laid  in  fresh  ground  Portland  cement,  thoroughly 
nixed  with  good,  clean,  sharp,  coarse  river  sand,  in  the  proportion  of 
»ne  part  of  cement  to  two  parts  of  sand.  The  cutwaters  and  bridge 
peats  were  laid  with  mortar  in  the  proportion  of  one  part  of  cement  to 
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one  part  of  sand.  The  cement  was  tested  from  time  to  time  by  a  Fair- 
banks cement  testing  machine,  and  after  setting  from  10  to  20  days 
stood  a  breaking  strain  of  from  275  to  410  pounds  to  the  square  inch. 

The  dimensions  of  the  piers  which  are  showo  in  the  accompanying 
sketch  are  48'  x  11'  6"  at  the  base  and  24'  x8'  at  the  bridge  seat,  the 
pivot  pier  differing  from  the  others  in  being  a  cylindrical  column  of  27' 
in  diameter,  with  a  footing  course  of  29'  6". 

Towards  the  end  of  the  autumn  of  1888  the  contract  for  the  sub- 
structure was  awarded  to  Messrs.  Neelon,  McMahon  &  Shea,  of  St. 
Catharines,  and  during  the  following  winter  quarries  were  opened, 
stone  was  cut,  barges  built,  dredges  overhauled,  and  all  necessary 
plant  put  in  readiness  for  the  undertaking. 

On  tlie  1st  of  April,  1889,  ground  was  broken  in  excavating  the  foun- 
dation for  the  abutment  on  the  north  shore,  and  this  was  carried  on 
while  waiting  the  breaking  up  of  the  ice  on  the  lake  above.  The  ice 
having  passed  down  on  the  21st  and  22nd  of  April,  a  dipper  dredge  was 
brought  down  to  the  bridge  site  on  the  morning  of  the  24th,  and  ranged 
up  into  position  to  prepare  the  foundation  for  the  pier  adjoining  the  north 
shore,  dredging  down  stream.  This  operation  occupied  15  days,  and 
the  dredge  was  then  moved  over  to  the  position  of  the  next  or  pivot 
pier.  It  was  while  working  at  the  foundation  of  this  pier  that  an  acci- 
dent befell  the  dredge.  A  raft,  composed  of  nine  drams,  passing  down 
in  the  early  morning,  struck  the  dredge,  smashing  a  hole  in  the  stern  of 
about  15"  in  diameter,  and  notwithstanding  that  every  effort  was  made 
to  save  her  she  sank,  half  an  hour  later,  in  28'  of  water.  The  bow  being 
pinned  up  on  her  spuds  held  her  partly  above  water  at  that  point, 
greatly  facilitating  the  operation  of  raising  her,  which  was  success- 
fully done  in  a  very  short  period.  A  similar  dredge  was  placed  in 
position  on  the  pier  adjoining  the  south  shore,  and  worked  towards  the 
centre.  It  was  not  permitted  to  make  the  excavations  for  the  caissons 
more  than  a  week  ahead  of  placing  them,  in  order  to  avoid  any  danger 
of  the  excavation  filling  up. 

To  do  this  dredging  successfully  in  from  20'  to  30'  of  water,  and  a 
current  of  from  5  to  7  miles  per  hour,  required  very  careful  manage- 
ment and  extraordinary  precaution.  Frequently  during  the  progress 
of  this  work  oak  spuds  of  18"  x  20"  were  snapped  off. 

The  next  operation  was  the  placing  of  the  caissons.  These  when  com- 
pleted were  placed  between  two  barges,  on  each  of  which  was  erected  ft 
frame  to  a  height  of  20'  above  the  deck ;  across  these  frames  two  24" 
square  pieces  of  oak  were  placed,  and  from  these  4  tackles  of  large  qua- 
druple blocks  reeved  with  6"  man  ilia  rope,  guided  by  lead  blocks,  to 
winches  on  board  the  barges,  were  used  to  lift  the  caissons. 
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The  first  caisson  was  lowered  with  hydraulic  jacks  from  cobhouse 
cribs  on  the  deck  of  the  barges ;  but  this  method  was  found  to  be 
extremely  slow,  and  was  abandoned  for  the  block  and  tackle  system 
above  described. 

The  caissons  were  provided  with  3  anchors,  varying  iu  weight  from 
1^  to  3  tons,  and  the  barges  with  1  each,  all  hove  with  1^  inch  steel 
wire  cables. 

When  the  excavation  was  ready  the  caisson  and  barges  were  towed 
out  into  the  current  from  where  they  were  built,  about  1  mile  above 
the  bridge  site,  by  from  two  to  five  tugs,  and  were  allowed  to  drift 
down  to  their  position,  the  tugs  steaming  slowly  up  stream ;  800  feet 
above  the  line  of  bridge  the  main  anchor  was  let  go,  the  others  follow- 
ing in  quick  succession.  On  the  anchors  taking  hold  the  tugs  were  let 
go,  and  by  paying  out  the  cables  the  caisson  was  allowed  to  drift  down 
to  within  25  feet  of  its  position  ;  it  was  here  heavily  weighted  with  rail- 
way iron,  and  lowered  to  within  a  few  feet  of  the  bottom.  The 
caisson  was  then  eased  back  until  it  was  brought  to  the  exact  position 
previously  fixed  by  triangulation ;  all  that  was  then  necessary  to  sink 
it  was  to  ease  away  on  the  tackles  simultaneously  until  it  reached  its 
bearings  on  the  bed  rock. 

Should  it  not  set  in  true  position  the  first  time  some  of  the  weight 
was  removed,  and  the  strain  taken  upon  the  tackles  when  it  could  be 
raised  without  difficulty  ;  but  it  only  occurred  once  or  twice  that  a  cais- 
son had  to  be  lifted  after  once  having  been  placed  upon  the  bottom. 
When  it  was  finally  settled  in  position  it  was  additionally  weighted 
with  railway  iron,  and  the  footing  course  of  masonry  was  also  placed 
upon  the  wall  of  the  caisson.  In  taking  the  caissons  down  it  was  some- 
times found  necessary,  owing  to  shoal  water,  to  raise  them  to  a  6  foot 
draft,  and  for  this  purpose  the  block  and  tackle  system  was  found 
exceedingly  successful. 

In  placing  the  caisson  adjoining  the  pivot  pier  on  the  south  side,  con- 
siderable difficulty  was  experienced,  owing  to  the  great  depth  of  water 
30',  and  the  velocity  of  the  current,  which  at  this  point  is  the 
swiftest  in  the  vicinity  of  the  bridge,  and  being  in  close  proximity 
to  the  steamboat  channel,  the  swell  made  by  the  steamboats  passing- 
down  was  severely  felt.  After  two  unsuccessful  attempts  to  place  the 
caisson  it  finally  capsized,  damaging  one  of  the  barges  used  in 
transporting  it,  and  throwing  its  load  of  railway  iron  into  the  excava- 
tion. The  top  of  the  caisson  was  so  badly  damaged  as  to  necessitate 
cutting  it  down,  and  using  it  for  a  pier  of  less  depth  of  water,  and  build- 
ing a  new  one  to  replace  it.     A   dredge  was  again  brought   down  to 
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redredge  the  excavation,  which  was  partly  filled  up  by  the  load  capsized 
from  the  caisson.  The  next  attempt  to  place  it  was  successful,  and  no 
further  trouble  was  experienced  at  this  point.  This  caisson  was  con- 
sidered, next  to  the  octagonal  caisson  for  the  pivot  pier,  the  most  diffi- 
cult one  of  the  bridge  to  set. 

The  pivot  caisson  on  account  of  its  construction  presented  a  tremen- 
dous resistance  to  the  current,  5  tugs  and  a  large  sidewheel  steamer 
being  unable  to  hold  it  in  the  swift  water.  8  anchors,  each  hove  with  a 
1^  inch  steel  wire  cable,  were  let  go  1000  feet  above  the  bridge  line,  and 
the  cables  slacked  away  and  the  caisson  dropped  back  into  position. 
Two  of  the  lh  inch  steel  wire  cables  to  anchors  were  led  to  blocks  made 
fast  near  the  bottom  of  the  caisson,  and  taken  to  timber  heads  on  deck, 
in  order  to  hold  the  caisson  in  an  upright  position,  and  prevent  its 
being  carried  out  of  plumb  by  the  stiff  current. 

It  was  at  this  pier  that  the  only  fatal  accident  during  the  construc- 
tion of  the  work  was  sustained,  resulting  in  the  loss  of  the  lives  of  two 
men,  both  by  drowning, — one  during  the  construction  of  the  substruc- 
ture and  the  other  during  the  erection  of  the  superstructure. 

Owing  to  the  current  striking  the  bridge  line  nearly  at  right  angles, 
the  caissons  for  the  piers  in  the  centres  of  the  channels  were  subject 
to  little  or  no  side  current ;  but  those  adjacent  to  the  shores  and  islands 
received  the  full  force  of  the  current  on  one  side  of  the  bow,  and  great 
precaution  h;id  to  be  taken  to  prevent  them  from  being  swept  out  of 
position  ;  this  was  done  by  means  of  anchors  placed  on  the  inshore  side, 
and  from  which  the  cables  were  brought  to  the  capstans  fixed  at  both 
bow  and  stern  of  the  barges,  and  in  this  manner  held  in  position  till 
sunk. 

It  was  not  found  necessary  to  scribe  the  bottoms  of  the  caissons,  as 
they  invariably  fitted  close  to  the  bed  rock,  which  was  remarkably  level 
and  dredged  thoroughly  clean. 

At  the  early  stages  of  the  undertaking  it  took  three  days  to  place 
and  sink  a  caisson,  but  as  the  work  progressed  they  were  placed  and 
sunk  in  a  day. 

On  the  caisson  finally  being  settled  and  weighted  in  its  position,  the 
barges  upon  which  it  was  transported  were  then  removed.  Divers 
were  then  sent  down,  and  a  canvas  curtain,  6  feet  wide,  which  had 
been  previously  nailed  on  the  inside  of  the  caisson  2  feet  from  the 
bottom,  was  unrolled,  and  upon  this  were  piled  bags  of  concrete  to 
prevent  any  wash  to  the  concrete  afterwards  to  be  deposited.  Once 
commenced,  the  concreting  was  carried  on  continuously  day  and  night 
until  completed.     A  floating  electric  light  plant  furnished  the  light 
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for  the  night  work.  A  derrick  scow  was  placed  alongside  the  cais- 
son, and  as  the  concrete  was  mixed  it  was  deposited  in  iron  boxes 
with  false  bottoms  holding  from  one  to  two  cubic  yards,  and  lowered 
slowly  into  the  caisson,  and  the  bottom  tripped,  thus  preventing  the 
separation  of  the  materials  which  would  ensue  from  allowing  the  con- 
crete to  fall  unprotected  through  the  water. 

The  composition  of  the  concrete  was  :  one  part  of  English  Portland 
cement,  throe  different  brands  being  used, — White's,  Johnson's  and 
Union, — one  part  of  sand,  and  between  three  and  four  parts  of  broken 
stone  of  2"  cube. 

A  bed  of  concrete  was  thus  obtained,  varying  in  depth  from  8'  to 
12',  and  all  brought  to  the  uniform  height  of  12',  below  water  level,  at 
which  point  the  masonry  in  all  cases  was  started  from. 

After  allowing  the  concrete  48  hours  for  setting,  the  caisson  was 
pumped  out  with  an  8"  horizontal  centrifugal  pump  driven  by  a  30 
horse  power  engine,  both  on  a  scow  alongside  and  connected  with  the 
caisson  by  a  rubber  suction  hose.  The  pumping  of  a  caisson  usually 
took  from  20  to  40  minutes,  and  little  or  no  trouble  was  experienced 
in  keeping  them  dry,  they  bein<*  thoroughly  caulked  from  top  to  bot- 
tom. When  this  was  accomplished  the  masonry  was  commenced  and 
carried  on  to  completion. 

The  concrete  was  found  in  all  cases  to  have  so  thoroughly  set  as  to 
make  it  as  difficult  to  dress  it  to  receive  the  masonry  as  an  ordinary 
footing  course. 

The  caissons  were  riprapped  on  the  outsider  to  the  level  of  the  top 
of  the  concrete. 

The  stone  used  for  the  piers  and  abutments  is  lime  stone,  and  was 
taken  from  the  quarries  at  Apple  Hill  and  Caughnawaga,  the  last 
stone  being  laid  on  December  the  sixth,  thus  occupying  the  space  of 
eight  months  and  six  days  in  the  construction  of  the  substructure. 

The  quantities  were  8000  cubic  yards  of  masonry,  and  7000  cubic 
yards  of  concrete,  in  which  were  used  25,000  barrels  of  Portland 
cement. 

In  the  winter  of  1888,  the  contract  for  the  construction  and 
erection  of  the  superstructure  was  awarded  to  the  Dominion  Bridge 
Company  of  Lachine,  and  preparations  were  at  once  commenccl  for 
the  undertaking. 

Specifications  prepared  by  the  railway  company  for  the  super- 
structure required  that  it  be  of  the  rivetted  lattice  type,  and  the 
general  design  finally  adopted  had  a  double  system  of  triangular  or 
inclined  web   members,   inclined  batter  or  end   posts  extending  over 
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one  panel  and  gilders  of  the  swing  span,  and  the  longer  fixed  spans  of 
varying  depth,  only  the  central  upper  chord  panel  of  the  fixed  spans 
being  horizontal,  the  chords  sloping  each  way  from  the  central  panel 
to  a  junction  with  the  batter  posts,  the  depth  of  the  girders  at  ends 
being  made  just  sufficient  to  give  the  required  clearance  between 
track  and  portal  bracing. 

The  use  of  inclined  chords  results  in  small  economy  of  material, 
reduces  wind  surface,  and  gives  good  depth  at  centre  of  span  with 
corresponding  small  deflections  when  loaded,  and  hence  small  second- 
ary strains  at  and  near  the  connections  of  web  members  on  chords. 

The  depth  of  water,  force  of  current,  and  nature  of  the  bottom 
were  such,  that  the  setting  of  false  work  and  the  assembling  of  the 
m  ital  work  in  placi?  in  the  usual  way  would  have  been  difficult,  and 
attended  with  great  risk  of  displacement  by  the  heavy  waves  often 
running  down  from  the  lake  just  above  the  bridge. 

The  contractors  for  the  superstructure  decided  to  erect  the  spans  in 
a  sheltered  bay,  about  three  miles  distant  from  the  bridge,  and  when 
fully  completed  to  take  them  on  barges,  float  into  place,  and  lower  on 
to  the  masonry. 

This  was  done  in  the  following  manner  :  Two  scows  built  for  this 
purpose,  90'  long  by  30'  in  width,  were  provided  with  2  large  trestle 
bents  on  each  ;  these  scows  were  lashed  together  with  a  space  of  70' 
between  them.  By  means  of  valves,  water  could  be  admitted  into 
the  hulls,  so  as  to  sink  them  about  2'.  When  these  scows  were 
immediately  underneath  the  span,  the  water  was  siphoned  out,  and 
the  scows  rising  lifted  the  span  off  its  false  works,  allowing  the  two 
panels  on  either  end  of  the  span  to  project  over  them. 

They  were  then  towed  to  the  bridge  site,  placed  in  position  between 
the  piers,  and  by  sinking  the  scows  again  the  span  was  lowered  to  its 
permanent  seat  on  the  piers.  The  details  of  the  scows  and  trestles 
used,  and  the  method  of  placing  the  span  in  position  between  the 
piers,  are  fully  shown  in  the  accompanying  sketch. 

Notwithstanding  the  velocity  of  the  current,  the  work  was  very 
successfully  carried  out.  The  14  spans  for  the  south  and  middle 
channel  having  been  floated  and  placed  on  piers  in  42  days,  from  Octo- 
ber 12th  to  November  23rd. 

Provision  was  made  for  storing  a  number  of  spans  in  the  bay,  wherei 
erected,  by  building  the  false  work  or  staging,  on  which  to  erect  them; 
along  the  shore  of  the  bay,  and  at  right  angles  to  this  staging  building' 
out  into  the  water  two  pile  piers,  or  trestles,  spaced  the  length  of  thtl 
spans  apart.     On  these  trestles  a  number  of  lines  of  railway  iron  we«H 
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laid,  aud  as  the  erection  of  each  span  was  completed  it  was  moved 
sideways  out  ou  to  the  trestles  sliding  on  the  railway  iron. 

Before  the  work  of  floating  the  spans  into  place  began,  seven  spans 
had  been  assembled  and  rivetted  complete,  and  moved  sideways  on  the 
trestles  into  position,  to  be  taken  off  in  turn  by  the  barges,  thus  ena- 
bling the  work  of  assembling  and  rivetting  to  progress  without  inter- 
ruption. 

Spans  have  before  been  floated  on  barges  into  position,  but  it  is 
thought  this  is  the  first  instance  in  which  a  large  number  of  spans 
have  been  made  ready  and  stored  until  it  was  desired  to  place  them  on 
tfa  masonry,  and  also  the  first  time  false  work  has  been  so  built  that 
tie  spans  when  assembled  could  be  moved  off  it  and  loaded  on  barges, 
without  tearing  down  any  portion  of  the  false  work  or  interrupting  the 
work  of  erection,  the  usual  course  having  been  to  erect  the  span  on 
staging  built  over  the  water,  and  to  take  down  enough  of  the  trestles 
to  admit  of  the  barges  being  placed  beneath  the  span. 

The  erection  of  the  superstructure  was  commenced  on  the  1st  Sep- 
tember, 1889,  and  the  last  spau  was  floated  into  position  on  the  19th 
February,  1890.  Trains  going  over  the  entire  structure  on  the  follow- 
ing morning.  The  entire  bridge  thus  occupying  ten  months  and 
twenty  days  in  construction. 
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DISCUSSION  ON  "COTKATJ  BRIDGE.' 

Mr.  Harmaford  Mr.  Hannaford  said  he  had  read  Mr.  Mountain's  paper  with  a  great 
deal  of  interest,  because  some  twenty  years  ago  the  speaker  was  em- 
ployed as  the  engineer  in  the  erection  of  the  International  Bridge  across 
the  Niagara  river  at  Buffalo,  the  only  bridge  to  this  day  that  has 
masonry  piers,  or  piers  of  any  kind,  founded  in  that  river.  The  Coteau 
Bridge  comes  twenty  years  afterwards,  and  is,  so  far  as  the  speaker 
knows,  the  most  rapidly  constructed  of  the  kind  that  has  ever 
been  erected.  The  River  St.  Lawrence  is  not  a  small  river.  There 
is  only  one  River  St.  Lawrence,  aod  it  is  with  us  here.  When  it  is 
considered  that  the  bridge  was  built  inside  of  one  year,  it  must  be 
admitted  that  great  credit  is  due  the  promoters  and  the  engineers  of 
the  bridge. 

It  occurred  to  the  speaker  when  he  read  the  paper  (and  it  brought 
him  here  this  evening)  to  ask  Mr.  Mountain  to  be  kind  enough  to 
supplement  not  only  the  quantities  which  he  has  given  here,  but  also 
to  give  us  the  prices  and  the  cost  of  construction,  so  that  our  paper 
in  the  Transactions  may  be  of  value  to  readers  far  from  this  Canada 
of  ours,  and  show  what  it  takes  to  build  a  bridge  of  this  magnitude, 
including  the  masonry.  The  details  as  to  the  whole  of  the  contracts 
that  were  let,  and,  in  fact,  everything  connected  with  the  bridge,  so  that 
it  may  be  seen  that  this  long  bridge  was  probably  the  quickest  built  and 
the  cheapest  for  its  length,  spanning  as  it  does  one  of  the  largest  rivers 
of  the  world. 

Mr.  Mountain.  Mr.  Mountain  in  reply  said  that  he  had  followed  the  precedent  shown 
him  by  the  other  papers,  which,  with  one  exception,  gave  no  prices.  He 
considered  it  a  breach  of  faith  with  the  contractors  to  do  so.  He  had 
already  given  the  quantity  ofmasonry  and  length  of  superstructure,  and 
he  would  now  say  that  the  total  cost  of  the  bridge,  as  given  him  by  the 
Secretary-Treasurer  of  the  Road,  was  §1,264,000.  He  did  not  feel  at 
liberty  to  give  any  further  details  as  to  prices  without  the  permission 
of  both  the  company  and  the  contractors. 

Mr.  Peterson.        Mr.  Peterson  said  that  being  the  chief  engineer  of  the  St.  Lawrence 
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Bridge  he  could  not  allow  the  claim  made  by  Mr.  Hannaford,  viz., 
that  the  Coteau  Bridge  was  the  longest,  quickest  built  and  cheapest 
bridge  that  had  been  erected  across  the  River  St.  Lawrence,  to  pass 
Unchallenged. 

What  is  called  the  Coteau  Bridge  is  practically  three  separate  bridges 
connecting  islands  in  the  River  St.  Lawrence,  and  the  entire  length  of 
the  three  bridges  is  4,025  feet.  The  longest  bridge  is  2,210  feet,  whereas 
the  St.  Lawrence  Bridge  is,  from  abutment  to  abutment,  3,652  feet  long. 

As  regards  the  quickness  of  construction,  he  stated  that  he  was  in- 
formed thattbe  Coteau  Bridge  was  commenced  at  least  as  early  as  June, 
1888,  and  possibly  earlier,  and  that  the  masonry  was  not  finished  till  7th 
December,  1889,  so  that  instead  of  the  construction  of  the  superstruc- 
ture of  this  bridge  only  occupying  eight  months  and  six  days,  it  occu- 
pied at  least  from  June,  1888,  to  December,  1889,  or  about  18  months. 
The  work  was  let  in  two  contracts.  The  contractor  for  the  South  Chan- 
nel Bridge  in  June,  1888,  had  one  caisson  built  and  one  well  advanced, 
and  during  the  summer  and  autumn  of  1888  nearly  if  not  quite  com- 
pleted the  two  abutments  for  this  bridge.  The  contractor  for  the  work 
on  the  North  Channel  and  Centre  Channel  Bridges  began  dredging  for 
the  foundation  of  the  piers  in  the  summer  of  1888.  He  finished  the 
foundation  for  at  least  one  pier,  and  was  working  at  the  foundation 
of  another,  when  his  dredge  was  struck  by  a  raft,  and  was  sunk.  He 
also  built  the  caisson  for  the  pivot  pier  of  the  draw  span,  and  commenced 
the  caisson  for  at  least  another  pier. 

The  speaker  said  he  had  no  details  as  to  the  quantity  of  masonry 
built  in  piers,  which  every  engineer  knows  requires  yard  per  yard  much 
more  time  than  that  in  abutments,  but  certainly  the  amount  must  have 
been  very  considerably  less  than  the  amount  put  in  the  piers  of  the  St. 
Lawrence  Bridge.  The  quantity  of  masonry  and  concrete  in  the  six 
abutments  and  16  piers  of  the  three  Coteau  bridges  is  15,000  cubic 
yards,  whereas  the  quantity  of  masonry  and  concrete  in  the  two  abut- 
ments and  15  piers  of  the  St.  Lawrence  Bridge  is  12,336  cubic  yds. 

Work  was  commenced  on  the  shore  abutment  of  the  St.  Lawrence 
Bridge  on  the  18th  March,  1886,  and  upon  the  first  river  pier  on  the 
14th  May,  1886.  The  masonry  in  the  last  pier  was  finished  on  12th 
November,  1886,  less  than  eight  months  from  the  commencement  of  the 
abutment  and  less  thau  six  months  from  the  commencement  of  the  first 
river  pier,  work  upon  the  piers  having  to  be  delayed  until  the  spring 
ice  had  passed  down  the  river. 

In  comparing  the  rapidity  of  construction  of  the  two  bridges,  it 
must  be  remembered  that  the  St.  Lawrence  Bridge  is  a  high  level  bridge, 


90 


Discussion  on  Coteau  Bridge. 


the  bottom  chords  of  the  chaunel  spans  having  an  elevation  of  60  feet 
above  the  ordinary  level  of  the  River  St.  Lawrence  ;  and  that  the  build- 
er.s  of  the  Coteau  Bridge  (which,  as  far  as  regards  the  caissons, 
foundations  and  masonry,  is  an  exact  copy  of  the  St.  Lawrence  Bridge) 
had  the  advantage  of  seeing  how  the  work  was  done  on  the  St.  Lawrence 
Bridge,  and  that  what  had  to  be  experimented  upon  and  worked  out  on 
the  St.  Lawrence  Bridge  had  simply  to  be  copied  on  the  Coteau  Bridge. 
To  show  how  closely  the  work  on  the  substructure  of  the  St.  Lawrence 
Bridge  followed  the  plans  of  working  laid  down  on  the  21st  January, 
1886,  by  the  chief  engineer,  and  Mr.  R.  Gr.  Reid,  the  contractor, 
for  the  substructure,  for  completing  this  bridge  by  the  first  of 
I  >eceniber  of  that  year,  the  following  schedule  is  appended,  showing 
the  date  when  it  was  proposed  to  commence  work  on  the  land  abut- 
ments, piers  1,  2  and  15,  and  when  it  was  proposed  to  have  the  mason- 
ry finished,  also  when  it  was  proposed  to  commence  work  on  the 
remaining  piers,  and  when  it  was  proposed  to  have  the  concrete  in,  ready 
to  commence  masonry.  Another  column  has  been  added  to  this,  show- 
ing when  the  concrete  was  actually  finished  in  the  last  12  piers  :- 

TABLE   SHOWING   DATE  FIXED    TO   COMMENCE    AND    FINISH 
MASONRY,    ETC.,    PREPARED   26TH    JANUARY,    1886. 


Date  fixed 

Date  fixed 

Actually 

TO  COMMENCE- 

TO  FINISH. 

finished. 

Abutment  (Land) 

1st  March 

1st  May 

2nd  April 

Pier  No.  1  (do) 

do 

do 

15th  April 

Pier  No.  2  (do) 

do 

do 

13th  May 

PierNo.l5,(water2ft.) 

do 

do 

17th  August 

DATE    FIXED   TO    COI 

UMENCE   AND    F 
IN    CAISSC 

INISH   PUTTING 

NS. 

concrete 

Pier  No.    3  (water) 

1st  May 

15th  June 

13th  July 

Pier  No.    4  (water) 

7th  May 

do 

18th  May 

Pier  No.     5  (water) 

do 

do 

29th  May 

Pier  No.     6  (water) 

do 

do 

21st  June 

Pier  No.  14  (water) 

do 

21st  July 

8th  Sept. 

Pier  No.    7  (water) 

16th  June 

31st  July 

29th  June 

Pier  No.    8  (water) 

do 

do 

11th  August 

Pier  No.    9  (water) 

do 

do 

18th  August 

Pier  No.  10  (water) 

1st  August 

15th  Sept. 

6th  Sept. 

Pier  No.  11  (water) 

do 

do 

15th  Sept. 

Pier  No.  12  (water) 

do 

15th  Oct. 

23rd  Sept. 

Pier  No.  13  (water) 

22nd  August 

22nd  Oct. 

22nd  Oct. 
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I  will  be  noticed  that  the  date  fixed  on  the  21st  Jan.,  1886,  for 
nishing  the  concrete  in  the  last  pier  No.  13  was  the  22nd  Oct.,  1886, 
d  that  it  was  actually  finished  on  that  date.  It  will  be  hard  to  find 
Dy  work  of  such  magnitude  and  importance  and  in  such  a  difficult 
osition  that  was  finished  exactly  to  the  day  which  was  fixed  for  its 
upletion,  11  months  beforehand. 

The  contractors  for  the  superstructure  were  not  so  fortunate  ;  but  had 
not  been  for  a  slight  accident,  their  work  would  have  been  finished 
uring    the   year   in   which  it  was  commenced,  and  trains  could  have 
rossed  the  bridge    before   the  end  of  December,  1886.     The  accident 
ferred  to  was  caused  by  the  thin  ice   coming  down  the  river  early  in 
ovember,  and  cutting  off  the  piles  which  supported  the  south  flanking 
pan.     This   span  was    partly   erected   at  the  time,  and  was  the  cause 
)f  considerable  embarrassment  to  the  contractors.  Had  they  been  aware 
»f  the  fact  that  thin  floating  ice  in  a  rapid  current  would  cut  off  piles  of 
nore  than  a  foot  in  diameter  in  a  single   night,  steps  could  easily  have 
)een  taken  to  protect  them,  and  the  bridge  would  then  have  been  com- 
peted within  the  year ;  as  it  was,  the  delay  caused  by  the  cutting  of  these 
)iles  threw  the  work  so  far  into  the  winter  that  it  was  impossible   to 
jomplete  it  that  season  at  such   an  elevation  and  in  such  an   exposed 
position.    The  cost  of  the  bridge  was  §943,387.00;   and  from  grade  to 
^rade,  as  per  contract  plans  8998,412.22,  whereas  we  are  told  that  the 
Coteau  Bridge  cost  §1,264,000.  So  it  will  appear  that  the  claims  made 
for  the  Coteau  Bridge  belong  to  the  St.  Lawrence  Bridge. 

Mr.  Dodwell  said  in  spite  of  the  difficulties  due  to  the  fact  that  there  :\ir.Dodweli. 
had  been  several  papers  on  very  similar  subjects  read  before  the  Society , 
the  author  was  to  be  congratulated  on  having  contributed  an  interesting 
account  of  an  important  work. 

Mr.  Hanuaford  had  forcibly  drawn  attention  to  the  great  want  of  the 
paper,  viz..  particulars  of  cost,  and  it  was  to  be  hoped  that  the  author 
would  do  himself  the  justice  to  supplement  his  paper,  before  it  was 
embodied  in  the  Transactions,  by  giving  this  information.  The  statement 
that  the  author  has  volunteered  in  opening  the  discussion,  that  the 
total  cost  of  the  bridge  was  81,264.000,  is  interesting  as  far  as  it  goes, 
but  it  does  not  go  far  enough.  The  author  would  add  at  least  one 
hundred  per  cent,  to  the  value  of  his  paper  if  he  would  give  the 
details  of  quantities  and  cost  that  went  to  make  up  this  total. 

It  is  much  to  be  regretted  that  in  giving  the  Society  the  record 
of  their  experience  in  the  construction  of  public  works,  members  are 
so  chary  of  information  regarding  cost.  It  was  quite  unnecessary  to 
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point  out  that  papers  deficient  in  these  particulars  lose  half  their  value.a . 

As  regards  the  superstructure,  the  only  point  that  appears  unusual  l 
or  novel  is  the  length  of  ri vetted  spans — 217  and  223  feet.      This   is* 
interesting  as  being  either  an  unexplained  variation  from  American 
practice,  which  limits  rivetted  spans  to  about  120  feet,  or  a  tendency!1 
to  revert  to  English  practice,  which  abjures  pin-connectious.      There 
are  two  or  three  members  of  the   Society  connected  with  the  Dominion 
Bridge  Works,  and  perhaps  this  hint  will  be  sufficient  to  draw  from 
one  of  them  a  brief  monograph  on  the  Coteau  superstructure,  to  form  a 
valuable  supplement  to  the  paper  now  before  them. 

The  method  of  erection  employed  was  obviously  the  proper  one  under 
the  circumstances.  Perhaps  the  author  would  be  good  enough  to  say 
whether  the  swing  span  was  erected  in  the  same  manner. 

Mr.  Mountain.       ]y[r   Mountain  replied  that  the  swing  span  was  erected  iu  place  in  its 
11  open"  position. 

In  reference  to  Mr.  Peterson's  remarks  on  the  Coteau  Bridge,  the 
author  begs  leave  to  make  the  following  reply  : — 

1st.  Mr.  Peterson  states  that  abutments  1  and  2  were  uearly,  if  not 
quite,  completed  during  the  summer  of  1888.  The  author  replies  that 
the  excavation  for  foundations  for  abutments  1  aud  2  were  made  during 
the  summer  of  1888,  for  the  purpose  of  ascertaining  the  nature  of  the 
material  to  be  moved  throughout  the  work,  and  while  the  excavations 
were  opened,  the  foundations  were  filled  in,  and  the  masonry  carried  clear 
of  the  water.  This  was  the  total  amount  of  work  done  during  1888  on 
the  bridge,  amounting  in  money  to  some  $4,000  ;  an  amount  hardly 
worth  mentioning  in  an  undertaking  of  81,264,000. 

2nd.  Mr.  Peterson  also  states  that  the  dredging  for  the  foundation 
of  one  pier  was  completed  and  another  one  commenced  during  the  season 
of  1888.  The  author  begs  to  state  that  such  was  not  the  case;  the 
contractors'  dredge  was  taken  to  Coteau  in  the  autumn  of  1888,  months 
before  the  contract  was  signed,  for  the  purpose  of  dredging  the  slip  for 
the  Canada  Atlantic  Transfer  Ferry,  and  was  then  taken  down  to  the 
bridge  site  by  the  contractors,  to  satisfy  themselves  that  it  could  do 
the  work.  After  dredging  for  a  few  days,  they  found  that,  owing  to  the 
shortness  of  the  dipper-arms,  the  necessary  depth  could  not  be  reached. 
Instructions  were  accordingly  given  to  have  the  dredge  brought  back 
and  the  dipper-arms  lengthened  during  the  winter,  for  work  the  following 
spring.  It  was  on  the  24th  April,  1889,  that  the  first  dipper  full  of 
dredging  was  done  at  Coteau  Bridge. 

3rd.  Mr.  Peterson  further  remarks  that  the  quantity  of  masonry  and 
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)ncrete  built  in  piers,  required  yard  for  yard  much  more  time  than  in 
mtmeuts.  Granted. 

He  then  states  the  quantities  of  masonry  and  concrete  in  the  6  abut- 
lents  and  16  piers  of  the  Coteau  Bridge  amounted  to  15,000  c.  yds.,  and 
le  quantities  in  the  2  abutments  and  15  piers  of  Lachine  Bridge  to 
2,336  c.  yds.,  Mr.  Peterson  omitting  to  state  that  piers  1,  2, 3  and  15  in 
iachine  Bridge  were  built  on  dry  land  above  water  line,  and  piers  4,  5, 
and  7  in  water  varying  in  depth  from  5  to  9  feet,  with  a  current  not 
xcecding  3J  miles  per  hour,  and  so  little  dredging  required  as  to  be 
ble  to  clear  the  rock  for  foundations  with  a  rake  worked  by  horse 
lower,  leaving  only  7  piers  in  a  greater  depth  of  water  with  a  swifter 
urrent,  where  a  dredge  had  to  be  used  to  clear  the  foundations.  Against 
his,  the  16  piers  of  the  Coteau  Bridge  were  placed  in  from  20  to  30 
set  of  water,  in  a  current  varying  from  5  to  7  miles  per  hour,  and  all 
bundations  had  to  be  dredged  through  hard-pan  from  3  to  8  ft. 

4th.  Mr.  Peterson  also  claims  that  the  foundations,  caissons  and 
nasonry  is  an  exact  copy  of  the  St.  Lawrence  bridge.  In  reply  to  that 
he  author  would  say  that  concrete  placed  in  bottomless  caissons  have 
)een  used  for  foundations  for  bridges  for  years  past  (authority  Traut- 
vine),  so  that  Mr.  Peterson's  statement,  that  we  copied  Lachine  Bridge, 
s  not  well  founded.  Also  the  manner  of  placing  the  caissons  of  Coteau 
Bridge,  as  described  in  the  paper,  is  much  superior  to  the  method 
lsed  at  Lachine,  and  the  auther  ventures  to  predict  that  the  block 
ind  tackle  system  used  at  Coteau  will  be  utilized  or  improved  upon  in 
any  undertaking  of  a  similar  nature,  in  preference  to  the  older  method 
used  at  Lachine.  We  have  also  added  to  the  Coteau  Bridge  piers, 
steel  cut-waters  which  are  not  on  the  Lachine  Bridge.  The  manner  of 
placing  the  superstructure  in  position  is  also  an  improvement  on 
that  used  at  Lachine. 

In  conclusion,  the  author  would  say  that  he  thinks  he  has  clearly 
shown  to  the  engineering  profession  that  the  method  used  in  the  con- 
struction of  the  Coteau  Bridge  is  a  step  in  advance  of  any  previous 
undertaking  of  a  similar  nature  in  this  country;  and  while  not  wishing 
to  say  anything  but  praise  in  connection  with  the  manner  in  which 
the  Lachine  Bridge  was  built,  he  thinks  that  Mr.  Hannaford's  claim 
that  the  Coteau  Bridge  was  the  quickest  built,  and,  considering  its 
length,  the  cheapest  bridge  ever  put  across  the  River  St.  Lawrence, 
ihas  been  sustained. 
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NOTES  ON  SUPERSTRUCTURE  OF  COTEAU  BRIDGE. 

BY  G.  H.  DUGGAN,  M.  CAN.  SOC.  C.  E. 

The  specifications  prepared  by  the  Railway  Company  to  govern  the 
design  of  the  superstructure  were  almost  identical  with  those  of  the 
Canadian  Pacific  Railway  and  Dominion  Government,  as  regards 
capacity,  but  modified  slightly  to  suit  the  rivetted  construction  which  it 
had  been  decided  to  adopt. 

The  fixed  spans  are  of  moderate  length  and  capacity,  and  possess 
little  interest  beyond  the  fact  that  the  outline  of  the  skeleton  presents 
some  novel  features  for  a  bridge  with  rivetted  connections,  the  panels 
being  unusually  long,  with  but  two  systems  of  triangulation  in  the  web, 
and  the  top  chord  being  inclined  towards  the  end. 

Without  entering  into  the  old  controversy  of  pin  versus  rivetted  con- 
nections, some  of  the  weak  points  of  the  rivetted  truss,  as  ordinarily 
built,  are  acknowledged  to  be  the  difficulty  of  getting  good  connec- 
tions between  web  and  chord,  the  secondary  strains  arising  not  only 
from  the  stiflhess  of  the  joints,  but  in  a  greater  degree  from  the  usual 
eccentricity  of  the  intersection  of  the  axes  of  the  members  meeting  at  a 
panel  point.  It  was  in  the  endeavor  to  overcome  some  of  these 
defects  that  the  form  of  the  Coteau  spans  was  adopted.  The  use  of 
the  long  panels  of  course  set  aside  the  common  argument  in  favor  of  rivet- 
ted spans,  i.e.,  that  in  the  event  of  anything  striking  the  web,  it  is  not 
likely  that  the  web  members  of  all  the  systems  will  be  destroyed,  and 
hence  that  a  rivetted  span  has  a  better  chance  than  a  pin  span  against 
being  knocked  down. 

To  carry  this  argument  to  its  logical  conclusion,  however,  would  lead 
us  back  to  the  old  practice  of  plate  webs,  and  it  was  felt  that  there  were 
advantages  to  be  gained  by  the  use  of  long  panels  that  far  outweighed 
this  objection. 

A  better  floor  system  was  obtained,  necessarily  much  less  subjivtto 
impact. 

The  secondary  strains  arising  from  deflection  and  stiffness  of  the 
joints  were  reduced  by  the  long  panels  directly  and  indirectly,  also  by 
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the  fact  that  they  permitted  the  use  of  inclined  top  chords,  thus  giving 
great  centre  height  for  the  truss  and  consequent  small  deflection.  But 
the  most  important  gain  was  in  the  reduction  of  the  web  stresses  by 
the  use  of  the  inclined  chord.  These  stresses  are  very  small  for  a  span 
of  this  length  and  capacity.  This,  of  course,  gave  greater  facility  in 
getting  efficient  connections  between  chord  and  web  and  small  second- 
ary strains  should  there  unavoidably  be  any  small  eccentricities  of 
intersection. 

The  swing  is  unusually  long  for  a  rivetted  structure,  and  some  diffi- 
culty was  experienced  here  in  obtaining  good  connections  for  the  web 
members,  the  web  stresses  towards  the  centre  being  very  heavy,  despite 
the  considerable  inclination  of  the  chords.  It  was  found  necessary  to 
put  in  large  plates  to  connect  the  diagonals  to  the  chord,  the  plates 
on  either  side  of  the  chord  being  connected  by  a  diaphragm,  and  the 
floor-beam  rivetted  to  the  plates. 

The  table  of  the  swing  was  made  entirely  rim  bearing,  consisting  of 
a  deep  circular  girder  2-t  feet  in  diameter  and  cast  iron  treads  rolling 
on  cast  iron  wheels  18  inches  diameter.  Great  care  was  exercised  in 
the  manufacture  and  setting  of  the  table,  and  as  a  result  the  swing  is 
easily  turned  by  two  men. 

The  swing  has  to  be  opened  only  for  the  few  steamers  that  run  the 
rapids.  It  was  therefore  decided  to  operate  by  hand  power,  and  keep 
but  two  men  in  attendance. 

The  matter  of  an  end  lift,  by  which  two  men  could  at  any  time 
get  a  full  end  reaction  for  both  dead  and  live  load  on  so  large  a  struc- 
ture, was  rather  a  serious  problem  under  these  circumstances.  Toggle 
lifts  for  hand  power  have  the  objection  that,  unless  the  lift  is  completed 
all  the  parts  are  subjected  to  very  severe  strains  under  live  load  ; 
wedges  were  dismissed  as  having  not  sufficient  power  for  the  conditions. 
The  lift  finally  decided  on,  consists  of  a  large  screw,  5  inches  in 
diameter  at  each  corner.  These  screws  have  buttress  threads,  and  are 
turned  by  a  worm  and  wheel,  which  is  operated  by  shaftiDg  and  gears 
from  the  centre  of  the  span.  It  was  felt  that  these  screws  completely 
filled  the  requirements,  being  self-locking  in  any  position  and  capable 
of  any  lift,  the  amount  depending  only  on  the  power.  Thus  one  man 
can  turn  the  screws  until  there  is  a  considerable  positive  reaction  at 
the  abutments,  which  is  all  that  is  necessary  to  ensure  the  safety  of 
the  span,  as  it  is  proportioned  for  the  live  load  continuous  over  thiee 
supports  combined  with  the  dead  load  either  cantilevered  or  resting  on 
three  supports.  The  screws  work  very  easily,  two  men  readily  lifting 
the  ends  to  the  extent  desired. 
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The  details  of  the  work  are  those  of  the  ordinary  rivetted  truss.  The 
floorbeams  are  generally  supported  on  top  of  the  chord  by  stiffener 
angles  rivetted  to  the  chord,  the  four  lines  of  stringers  being  rivetted 
between  the  floor-beams.  The  top  chord  joints  are  all  faced  and  butted, 
and  have  in  addition  splice  plates  and  rivets  sufficient  to  take  up  the 
stress  at  double  the  ordinary  working  strain.  All  tension  splices  have 
at  least  10  per  cent,  more  section  than  the  member  spliced.  Chords  have 
reinforce  plates  at  the  panel  points  to  take  up  the  local  strains  produced 
by  the  connections  of  diagonals  and  floor-beams. 

Field  rivets  were  all  £  in.  in  diameter,  and  were  valued  at  from  3,000 
lbs.  to  3,500  lbs.  each  in  shingle  shear. 


Paper  No.  />#. 

THE   IRON   ORES   OF   NOVA   SCOTIA. 
By  Edwin  Gilpin,  Jr.,  M.Can.Soc.C.E. 

The  presence  of  iron  ore  in  Nova  Scotia  was  reported  as  early  as 
1604  by  DeMonts,  who  found  in  the  trap  of  Digby  County  veins  of 
iron  ore,  and  in  the  beaches  of  St.  Mary's  Bay  layers  of  magnetic  iron 
ore  sand.  It  does  not,  however,  appear  that  any  attention  was  paid  by 
the  early  settlers  to  the  deposits,  as  was  the  case  in  Canada,  where  refer- 
ence is  found  as  early  as  1672  to  the  iron  mines  and  foundries  of  St. 
Maurice.  This  may  have  been  due,  however,  to  the  incessant  wars  and 
changes  of  government  which  filled  the  early  pages  of  Acadian  history. 
It  was  not  until  the  early  part  of  the  present  century  that  any  attempt 
was  made  to  utilise  these  ores.  During  its  first  decade  a  few  tons  of 
bar  iron  were  made  in  a  Catalan  forge  at  Nictaux.  Haliburton,  in  his 
History  of  Nova  Scotia,  gives  an  account  of  the  next  attempt,  wbich  was 
made  at  Moose  River.  It  was  under  the  auspices  of  a  company  incor- 
porated by  the  Local  Legislature  in  1825,  and  one  of  the  earliest  of 
those  now  entitled  as  of  "limited  liability."  The  works  produced  an 
excellent  charcoal  iron  which  was  largely  cast  into  kettles  and  stoves, 
and  some  bar  iron,  but  ran  only  for  a  short  time. 

After  an  interval  of  thirty  years  the  furnaces  were  started  again  for 
a  short  time  and  are  now  in  ruins. 

In  1828,  the  General  Mining  Association  of  London,  the  owners  of 
the  Albion  Collieries  of  Pictou,  collected  a  large  lot  of  the  limonite 
boulders,  and  mined  some  of  the  red  hematites  of  the  East  River  of 
Pictou,  and  experimented  with  them  at  the  Albion  Mines  in  a  small 
furnace  with  unsatisfactory  results. 

In  1856,  two  small  blastfurnaces  were  built  at  Nictaux,  Annapolis 
Co.,  and  run  on  the  fossil  ores  of  the  vicinity  and  some  bog  ore  with 
charcoal,  but  were  soon  abandoned,  and  allowed  to  fall  out  of  repair. 
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In  1850,  a  Catalan  forge  was  put  up  at  Londonderry,  Colchester  Co., 
and  ran  for  three  years.  It  was  succeeded  hy  a  charcoal  furnace  in  1853, 
which  van  until  1874,  and  produced  about  45,000  tons  of  pig  iron. 
The  iron  made  from  the  excellent  limonite  ore  of  that  locality  was  of 
the  best  grade.  Sir  William  Fairbairn  spoke  of  it  in  the  highest  terms, 
as  possessing  in  an  unusual  degree  the  qualities  adapting  it  for  the 
manufacture  of  ordnance. 

Steel  was  made  from  this  iron  to  a  limited  extent,  and  proved  equally 
satisfactory,  the  drills  being  largely  used  in  the  construction  of  the 
Intercolonial  R.R.  The  remoteness  of  the  works,  however,  from  facili- 
ties for  transportation  retarded  their  development.  The  construction 
of  the  Intercolonial  Railway,  which  was  diverted  from  its  course  so  as 
to  pass  near  them,  gave  a  chance  for  enlargement  which  was  taken 
advantage  of. 

In  1873,  the  Steel  Company  of  Canada  acquired  these  works,  ;md 
their  great  freehold  property  of  over  55  square  miles  of  land.  Dr. 
Siemens,  the  distinguished  metallurgist,  was  at  the  head  of  the  Company, 
and  great  anticipations  were  entertained  of  a  large  and  remunerative 
manufacture  of  steel.  About  two  and  a  half  millions  of  dollars  were 
expended  in  building  two  large  blast  furnaces,  and  the  plant  necessary 
for  an  output  by  a  direct  process  designed  by  Dr.  Siemens.  Rolling 
mills,  forges,  tramways,  etc.,  were  built,  and  the  East  and  West  Mines 
systematically  opened,  and  a  colliery  developed  at  Maecan  in  Cumber- 
land County.  The  enterprise,  however,  although  producing  an  excel- 
lent grade  of  product,  was  not  successful,  the  writer  is  informed, 
owing  to  the  steel  producers  not  proving  satisfactory,  and  the  atten- 
tion of  the  Company  was  directed  to  car  wheels,  axles,  nail  plate, 
castings  and  pig  iron. 

The  Company  finally  was  reorganised  under  the  title  of  The  London, 
derry  Iron  Company,  Ltd.,  and  is  at  present  being  successfully  con- 
ducted under  the  management  of  Mr.  R.  G.  Leckie.  Further  details 
of  the  operations  of  the  Company  will  be  given. 

During  the  pa^t  few  months  the  New  Glasgow  Iron,  Coal  and  Railway 
Company,  operating  at  New  Glasgow  in  Pictou  County,  have  started  to 
develop  the  ores  of  that  locality,  and  their  enterprise  is  being  watched 
with  much  interest,  as,  in  the  event  of  the  production  of  a  cheap  steel 
and  iron,  there  is  no  doubt  that  New  Glasgow  will  becom  -•  an  impor- 
tant centre  of  ship  building,  bridge  and  locomotive  works,  etc. 

It  is  stated  that  this  Company  proposes    uniting   with   the    Nova 
Scotia  Steel  Co.,  who  have  a  large  plant  at  Trenton,  Pictou  Co. 
During  the  past  year  its  output  was   13,000  tons  of  finished  iron 
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and    steel.      About   30,000    tons   of  coal   were   used   and  420  men 
employed.     Their  plant    ontains  : 

2  Open-hearth  Siemens-Martin  steel  inciting  furnaces. 

2  Regenerative  gas  re-heating  furnaces. 

8  Reverberatory  heating  furnaces. 
5  Steam  hammers. 

5  Rolling  mills. 

9  Pairs  shears. 

Lathes,  planers,  drills,  etc.,  etc. 
Boilers,  dynamos,  etc. 


Note. — Fuller  details  about  the  history  of  iron  smelting  in  Nova 
Scotia  can  be  found  in  Dawson's  Acadian  Geology,  Haliburton's  His- 
tory of  Nova  Scotia,  and  Bartlett's  Manufacture  of  Iron  in  Canada 
(American  Institute  of  Mining  Engineers,  1885). 

The  different  geological  horizons  met  in  the  province  present  iron 
ores  under  varied  conditions  of  deposition,  size,  and  composition.  The 
following  table  shows  the  ores  characterising  the  horizons,  and  is  based 
on  the  reports  of  Sir  William  Dawson  and  the  Canadian  Geological. 
Survey. 

Geological  Age.  Variety  of  Ore  found. 

Modern.  Bog  Ore. — Iron  Sand. 

Triassic  f  Sandstone.  )«     •  D         i 

■j  m  [-Magnetic,  Specular. 

«j      Pernio  Carboniferous.  Clay  Ironstone. 

2   f  Upper  Coal  Measures.  Clay  Ironstone. 

-    |    I  True  Coal  Measures.  ^lack  Band,  Clay  Ironstone. 

o  i  -mt     •      t  ■  I  Clay  Ironstone,  Spathic, 

ja      Marine  Limestone.  i  T  •  ■;     • ,     x>  a  n        <.•* 

>h    \  (  Limonite,  tted  Hematite. 

Q    [Lower  Carboniferous.  Red  Hematite. 

Devonian,   Oriskany  Sandstone,  etc.  {  Red  Hematite   Magnetite 

J  I  Spathic  Ore,  Specular. 

Upper  Silurian    f  Clinton.  ) 

{  Lower  Helderburg.  j  Red^Hematite. 

Lower  Silurian.  Red  Hematite,  Magnetite. 

Cambro  Silurian.  Specular,  Limonite. 

Laurentian.  Red  Hematite,  Specular. 

It  may  be  remarked  that  the  limouites  and  red  hematites  of  the 
Marine  Limestone  and  Lower  Carboniferous  are  frequently  found  as 
contact  deposits,  or  filling  junction  veins.  The  Lower  Carboniferous 
horizon  is  represented  in  this  province  chiefly  as  black  shales  or  con  - 
glomerates,  and  the  Marine  Limestone  as  alternations  of  shale,  sand  - 
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stone,  limestone,  marls,  and  gypsum.  At  numerous  points  these  meas- 
ures are  found  to  carry  contact  deposits  of  iron  ore  where  they  rest 
on  pre-Carboniferous  strata.  These  deposits  therefore  occur  between 
Carboniferous  measures  and  Silurian,  Laurentian  and  Devonian  meas- 
ures, the  iron  depositing  agency  being  apparently  inherent  in  the  former. 

In  the  table  it  will  be  noticed  that  all  the  divisions  of  the  Carboni- 
ferous carry  clay  ironstones.  These  deposits,  except  in  one  instance 
to  be  noticed,  do  not  as  yet  appear  to  be  of  economic  value,  but  have 
not  hitherto  received  any  special  attention.  The  Society  will  observe 
that  the  writer  has  not  included  the  gold-bearing  strata  uf  Nova  Scotia 
referred  to,  the  Lower  Cambrian  or  Longmynd  series  of  Europe  among 
the  ferriferous  measures.*  These  measures,  consisting  almost  entirely 
of  slates  and  quartzites  with  an  occasional  calcareous  sandstone,  do 
not  appear  to  have  had  the  organic  or  seismological  conditions  permit- 
ting of  the  accumulations  of  iron  ores.  Discoveries  of  ores  have  been 
reported  in  these  measures,  but  the  writer  is  not  aware  that  any  are  of 
economic  or  mineralogical  interest.  As  the  Atlantic  front  of  the  pro- 
vince is  occupied  by  these  rocks  and  their  associated  granites,  the 
iron  ores  are  confined  to  the  more  northerly  part  of  Nova  Scotia,  and 
form  a  broad  band  extending  from  Digby  in  the  west  to  Guysboro  in 
the  Straits  of  Canso,  and  through  the  Island  of  Cape  Breton. 

For  the  sake  of  conciseness  the  writer  will  take  the  ores  in  order  as 
they  are  met  in  passing  from  east  to  west.  In  the  Island  of  Cape 
Breton  the  two  predominating  series  are  Carboniferous  and  Laurentian. 
In  the  former  there  are  met  at  numerous  points  layers  of  clay  ironstone 
up  to  six  inches  in  thickness.  Samples  from  Schooner  Pond  and  Bara 
sois  are  said  to  yield  from  25.84  to  27.89  per  cent,  of  metallic  iron. 
Near  the  top  of  the  Lower  Carboniferous  at  Sydney  is  a  bed  of  marl, 
calcareous  at  several  points,  and  carrying  a  sandstone  in  places  con- 
taining 30  per  cent,  of  metallic  iron  as  a  peroxide  of  iron. 

At  Big  Pond,  Ben  Eoin,  Red  Island,  Loran  and  several  other  places 
on  the  Bras  d'Or  Lake,  where  these  measures  rest  on  the  Laurentian  fel- 
sites,  etc.,  are  found  contact  deposits  of  red  hematite.  Some  of  these 
have  been  tested,  and  at  several  points  a  few  tons  of  ore  extracted,  and 
they  are  believed  to  be  of  considerable  extent,  but  have  not  yet  been 
systematically  mined.  The  ore  occurs  in  veins  and  in  pockets,  frequent- 
ly apparently  replacing  limestones  or  marly  shales,  and  is  often 
observed   for  considerable  distances.     On  Boulardarie  Island  spathic 


*   Note.  See  the  Nova  Scotia  Gold  Mines,  by  E.  Gilpin,  Am.  Inst.  M.  E., 
1836. 
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iron  ore  occurs  in  a  bed  about  tbree  feet  thick,  carrying  32.58  per 
cent,  of  metallic  iron.  Bog  ores  are  met  at  Boisdale,  Schooner  Pond 
and  at  several  other  points.  Samples  submitted  to  the  writer  appear 
to  be  of  fair  quality. 

At  George's  Biver  there  is  a  narrow  band  of  Lower  Silurian  measures 
extending  across  to  Eska<-oni  in  East  B;iy.  The  slates  and  sandstones 
of  this  series  are  in  places  literally  "  soaked  "  with  peroxide  of  iron. 
The  mineral  in  places  is  segregated  into  beds  or  veins.  Openings  made 
by  Mr.  I.  Greener  at  George's  Biver  show  two  deposits  from  five  to  ten 
feet  wide,  and  apparently  continuous  for  several  hundred  yards.  A  bed 
of  red  hematite  which  measured  twelve  feet  in  width  has  been  exposed 
at  Smith's  Brook,  East  Bay. 

It  is,  however,  in  the  next  horizon,  that  of  the  Laurentian,  that  the 
most  important  iron  ore  deposits  of  this  Island  will  probably  be  found. 
These  strata  are  divisible  into  two  groups,  the  felsitic  and  the  calca- 
reous ;  the  latter  also  having  felsites,  gneisses,  etc.  This  division  appears 
to  be  markedly  ferriferous,  and  at  two  localities  importaut  red  hematite 
and  magnetite  deposits  are  known.  At  Whycocomagh  these  two  varie- 
ties occur  in  close  proximity.  Nine  distinct  beds  are  said  to  have  been 
discovered  and  partly  tested.  They  vary  in  thickness  from  three  to  nine 
feet.  A  five-foot  vein  of  unusual  purity  has  recently  been  opened  here 
by  Judge  Tremaine.  Near  Gillies  Lake,  East  Bay.  the  Moseley  iron 
ore  bed  has  been  traced  for  about  2^  miles,  and  varies  in  thickness  from 
four  to  thirteen  feet.  It  is  closely  connected  with  crystalline  limestones, 
and  it  is  believed  that  there  are  other  similar  beds  in  the  vicinity.  Near 
the  Indian  Beserve  and  at  Peter's  Mountain  near  St.  Peter's,  in  rocks  of 
Devonian  age,  are  found  several  veins  of  specular  ore.  These  deposits 
have  not  yet  been  systematically  examined,  but  are  promising  and  close 
to  shipping.  They  resemble  in  quality  and  manner  of  occurrence  the 
Guysboro  ores,  to  be  noticed.  Their  iron  contents  appear  to  run  from 
50  to  60  per  cent.  At  points  considerable  quantities  of  sulphur  are  visi- 
ble, but  large  portions  of  the  veins  are  composed  of  very  fine  ore.  Iron 
ores  are  also  known  near  Lake  Ainslie,  Mabou,  Cheticamp,  Hunter's 
Mountain,  Craignish,  Grand  x\nse,  Loch  Lomond,  etc.,  but  no  attention 
has  yet  been  paid  to  them. 

The  following  table  will  serve  to  show  the  composition  of  some  of 
these  ores.  It  may  be  remarked  that,  judging  from  their  quality  as 
tested  by  superficial  openings  and  samples,  they  should  furnish  some 
very  good  ores  for  steel  making,  and,  as  they  are  nearly  all  near  deep 
water,  they  should  be  available  for  exportation.  Other  deposits  again 
are  lower  in  iron  and  higher  in  posphorus,  but  would  be  rich  enough  for 
consumption  in  local  furnaces. 
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Passing  to  Nova  Scotia  proper,  the  first  ores  met  are  those  of  the 
Devonian  of  Guysboro  County.  In  strata  of  this  age  in  Annapolis 
County  arc  known  the  valuable  bedd  id  hematites,  sometimes  altered 
into  magnetites,  of  Clementsport  and  the  Nictaux  district.  In  Guys- 
boro County,  however,  important  deposits  have  been  opened,  and  their 
mode  of  occurrence  has  a  direct  bearing  upon  the  probable  oro-yielding 
localities  on  the-  opposite  side  of  the  Strait  of  Canso.  At  Erinville 
is  a  large  and  important  deposit  of  specular  ore.  Some  years  ago  a 
test  was  made  of  the  extent  of  this  deposit.  A  shaft  was  sunk  in  the 
ore  fifty  feet,  and  a  tunnel  driven,  exposing  a  body  of  ore  sixty-five 
feet  wide  ;  another  bed  in  the  vicinity  was  twelve  feet  wide.  The  ore 
is  fairly  compact,  running  from  55  to  G2  per  cent,  of  metallic  iron,  and 
very  low  in  phosphorus,  and  not  holding  above  the  amount  of  sulphur 
usually  found  in  ore  of  this  character.  The  walls  of  the  veins  are 
composed  of  greenish,  dioritic,  feldspathic,  trappean,  brecciated  rock. 
About  a  mile  further  west,promising  indications  of  ore  have  been  found 
in  altered  slates,  and  shales  with  quartz.  In  the  vicinity  are  large 
masses  of  dark  gray  trap,  in  contact  with  conglomerate. 

At  Boylston,  on  the  east  side  of  Milford  Haven,  are  a  series  of 
veins  of  specular  ore  from  two  to  four  and  a-half  feet  wide,  in  shale, 
with  calcite.  These  deposits  are  connected  with  dioritic  rocks  as  at 
Salmon  River  Lakes.  A  few  tons  were  mined  and  found  of  good 
quality,  but  the  expense  of  transport  to  the  Londonderry  furnaces,  their 
only  market,  proved  toe  great. 

At  Poison's  Lake,  Antigonish  Co.,  are  found  lenticular  masses  of 
spathic  ore,  in  some  cases  associated  with  copper  sulphides,  and  beds 
of  limestone  carrying  considerable  amounts  of  carbonate  of  iron.  A 
limonite  from  this  locality  yielded  on  analysis  : — 

Iron 48.00. 

Water 11.12. 

Manganese  oxides 4.73. 

Silicious  matter 3.86 

Phosphorus  trace. 

Sulphur trace. 

Magnesia trace. 

Passing  to  the  northern  part  of  the  County,  among  the  Lower  Silu- 
rian metamorphic  rocks,  which  form  a  broad  band  extending  from  the 
head  waters  of  the  East  River  of  Pictou  to  Cape  St.  George,  there  are 
found  abundant  traces  of  specular,  limonite,  hematite  and  magnetite. 

At  Arisaig,  on  Doctor's  Brook,  are  important  deposits  of  hematite 
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One  bed  is  six  feet  thick,  overlaid  by  another  said  to  be  twelve  feet 
thick,  and  underlaid  by  thinner  beds.  On  tbe  road  from  Doctor's 
Brook  to  Pleasant  Valley  is  a  six  feet  and  a  twenty-four  feet  bed,  and 
other  deposits  occur  in  this  locality.  The  ore  is  oolitic,  and  in  many 
places  of  good  quality.  Little  work  has  yet  been  done  to  determine 
the  extent  and  nature  of  these  ores.  They  occur  in  connection  with 
reddish  and  mottled  fragmentary  rocks,  diorite  with  veins  of  epodite, 
red  concretionary  and  hematitic  slate  and  similar  rocks,  and  perhaps 
owe  their  origin  to  the  proximity  of  syenite,  diorite  and  other  igneous 
rocks.  At  Arisaig  Brook  is  a  bed  of  red  hematite  one  to  three  feet 
thick,  oolitic  and  fossiliferous.  This  ore  is  referred  to  by  Mr.  H. 
Fletcher  as  apparently  belonging  to  the  Niagara.  The  only  analysis 
of  an  ore  from  this  district  that  has  come  under  the  writer's  notice  gave 
52.34  per  cent,  of  metallic  iron,  but  was  high  in  silica  and  phosphorus. 
These  ores  could  be  shipped  at  Arisaig,  if  further  researches  prove 
them  to  be  available  for  export.  They  could  doubtless  be  smelted  at 
present  with  charcoal  as  there  are  large  tracts  of  woodland  in  the 
vicinity. 

PICTOU  COUNTY. 

The  accompanying  map  (Plate  VI)  shows  the  position  of  Pictou 
Harbour  in  relation  to  the  coal,  limestone,  and  iron  ores  of  the  County. 
Geologically  speaking,  the  district  may  be  described  as  made  up  of 
Carboniferous  resting  on  Silurian  and  Cambro  Silurian.  The  two 
horizons  of  the  Carboniferous  most  interesting  in  this  connection  are 
the  middle  coal  measures  at  New  Glasgow  forming  the  "Pictou  "  coal 
fields,  and  the  Carboniferous  foundation  carrying  numerous  beds  of 
limestone.  As  the  basal  conglomerate  or  shales  of  the  Carboniferous 
is  sparingly  met  in  this  district,  the  limestones  may  be  compared  to  a 
fringe  around  the  pre-Carboniferous,  and  lying  between  the  coal  and 
iron  ore  deposits.  The  iron  ore  district  may  be  roughly  described  as 
a  triangle  formed  by  the  ore  outcrops  and  the  Intercolonial  and  Cape 
Breton  Railways,  the  former  marking  the  base  and  the  latter  the  sides 
of  the  triangle,  having  its  apex  in  the  coal  field  at  New  Glasgow. 
The  construction  of  a  railway  has  been  begun  to  bisect  the  base, 
following  the  course  of  the  East  River. 

From  Arisaig  to  Sunny  Brae  on  the  East  River  of  Pictou  there 
extends  a  band  of  Silurian  measures  which  have  been  extensively  stu- 
died by  Sir  W.  Dawson  and  the  late  Dr.  Honeyman,  and  are  shortly 
to  be  illustrated  by  the  map  of  the  Geological  Survey  under  Mr.  Flet- 
cher.    In  this  connection  the  most  important  horizons  are  perhaps  the 
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Lower  Helderberg,  Niagara,  and  Clinton.  Although  veinlets  and 
indications  of  iron  ore  abound  in  this  range  west  of  the  deposits 
just  referred  to,  it  is  not  until  French  River  is  reached  that  evidences 
are  presented  of  any  attempt  to  ascertain  the  value  of  the  iron  con- 
tents of  these  horizons,  which  are  in  Nova  Scotia  proper  classed  as  the 
principal  homes  of  the  ores  of  this  important  metal.  There  is  no  doubt 
that  when  the  demand  arises  there  will  be  found  at  numerous  points, 
in  this  apparently  barren  interval,  deposits  of  iron  ore  at  least  equal  to 
those  characterising  it  at  Arisaig  and  on  the  head  waters  of  Suther- 
land's and  the  East  River. 

The  chief  ore  of  this  formation  is  a  bedded  red  hematite  found  in 
four  principal  deposits.  The  most  northerly  of  these,  distant  about 
two  miles  from  the  Pictou  Coal  field,  is  known  as  the  Fall  Brook,  or 
Watson  ore.  It  has  been  opened  by  a  few  trial  pits,  and  found  in  Fall 
Brook  to  be  about  fifteen  feet  wide,  and  to  maintain  this  size  for  about 
a  mile  to  the  eastward. 

The  next  bed,  known  as  the  Webster  ore,  has  been  carefully  trenched 
and  tested  at  several  points.  Its  thickness  varies  from  fifteen  to 
thirty  feet,  its  dip  being  generally  north  at  angles  varying  from  25  to 
60  degrees. 

At  two  points  it  presents  the  following  sections  :  — 

ft,  in. 

Ore  (in  four  layers) 5     0 

Smooth  parting 0     0 

Ore 2     6 

Smooth  parting 0     0 

Ore 3     0 

Slaty  ore 3  10 

Ore 6  10 


Ore 

ft.  in. 
....  4     4 

Smooth  parting 

Ore 

..0  0 
....  3     0 

Slate 

....  2  11 

Ore 

....  3     3 

Total... 

...  13  6 

Total 20  4 

This  ore  follows  the  crest  of  a  high  hill,  cut  transversely  by  the  val- 
ley of  Sutherland's  River,  and  admits  of  adit  drainage  to  a  depth  of 
300  feet.  The  ore  is  compact,  non-fossiliferous,  and  brick  red  when 
weathered. 

The  third  exposure  is  known  as  the  Blanchard  Great  Bed.  No 
attempts  have  yet  been  made  to  trace  it  beyond  the  natural 
exposures,  which  extend  about  half  a  mile.  It  varies  in  width  from 
30  to  100  feet  measured  across  a  dip  nearly  vertical.  It  is  also 
situated  on  elevated  ground,  and  would  yield  a  large  amount  of  ore. 
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At  a  geological  horizon  about  700  feet  higher  than  the  last  mentioned 
bed  is  a  conformable  range  of  red  hematites  forming  the  fourth  series. 
This  ore  appears,  as  shown  on  the  map,  to  forma  synclinal  trough.  On 
the  west  side  the  ore  is  twelve  feet  thick,  and  at  the  apex  there  appear 
the  outcrops  of  two  other  beds,  eight  and  three  feet  in  thickness,  the 
larger  possibly  representing  the  great  bed.  On  the  east  side  of  the 
synclinal  only  one  bed  has  been  opened,  varying  in  width  from  three 
to  five  feet.  Underlying  this  bed,  and  on  the  line  where  the  great  bed 
would  show  its  eastern  outcrop,  are  large  boulders  precisely  similar  in 
appearance  to  the  one  on  its  western  outcrop,  and  it  is  expected  that  it 
will  shortly  be  found  there. 

It  is  considered  by  some  geologists  that  the  three  large  single  beds 
were  originally  one,  and  owe  their  present  disjointed  condition  to  faults 
and  erosion.  No  detailed  survey,  however,  has  been  made  to  prove  the 
correctness  of  this  opinion,  and  at  present  it  can  only  be  said  that  they 
are  apparently  contained  in  a  limited  vertical  range  of  strata. 

The  outcrops  of  other  red  hematites  have  been  marked  on  the  map, 
but  no  work  has  been  done  to  allow  of  details  being  given. 

These  red  hematites  are  all  of  the  same  class,  being  of  a  red  color, 
with  earthy  to  steely  lustre,  compact  or  laminated,  sometimes  oolitic 
owing  to  the  peroxide  forming  minute  concretions  around  grains  of 
sand.  In  places  these  ores  contain  fossils,  but  the  larger  proportions 
are  quite  free  from  them. 

Similar  ores,  called  fossil  red  hematites,  are  found  in  Pennsylvania  in 
strata  of  the  Clinton  age,  and  extensively  worked  near  Tyrone  for  mix- 
ture with  rich  hematites  and  magnetites.  For  comparison  an  analysis 
of  one  is  given,  made  at  the  University  of  Pennsylvania  : — 

Sesquioxide  of  iron 38.48 

Peroxide  of  iron 4.37 

Silica 37.99 

Alumina 9.56 

Lime 1.08 

Alkalies 2.89 

Phosphoric  acid 1.48 

Sulphur trace 

Volatile 4.50 

Metallic  iron 30.34 

These  ores  are  in  firm  and  compact  strata,  and  should  be  mined 
very  cheaply  as  little  timbering  would  be  needed,  and  the  measures 
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will  be  found  dry  below  water  level.  Although  their  coutents  of 
metallic  iron  are  not  equal  to  those  of  the  other  deposits,  their  cheap- 
ness, proximity  to  coal  and  immense  extent  will  make  them  important 
items  in  iron-making    in  this  county. 

Passing  to  the  west  side  of  the  East  River  there  extends  from 
Sunny  Brae  to  a  point  about  six  miles  west  of  Glengarry  Station  a 
belt  of  strata  comprised  principally  of  black  and  grey  slates  and  quartz- 
ites.  They  have  been  considered  to  be  the  Eastward  Extension  of 
tin  Axial  measures  of  the  Cobequid  Mountains  (carrying  the  London- 
derry iron  ores),  and  are  termed  provisionally  Cambro  Silurian.  In 
the  district  lying  west  of  Glengarry  Station  there  are  numerous  exposures 
of  specular  ore  up  to  three  feet  in  thickness.  The  ore  occurs  as  veins, 
usually  conformable  but  sometimes  traversing  the  strata.  At  one 
point  about  two  miles  west  of  Glengarry  there  is  a  large  vein  of  ankerite 
with  calc-spar  carrying  several  bodies  of  specular  ore.  The  quality 
of  the  ore  as  exposed  by  trenches  is  frequently  excellent,  at  other 
points  it  is  mixed  with  vein  matter. 

So  little,  however,  has  yet  been  done  to  test  their  size  and  economic 
Tallies  that  no  definite  information  can  be  given.  From  Glengarry 
westward  to  Drug  Brook,  a  tributary  of  the  west  branch  of  the  East 
River,  traces  of  specular  ore  are  found,  but  no  deposit  has  been  exposed 
in  site.  At  this  point  there  are  natural  exposures  showing  three  beds 
of  limonite,  the  thickest  thirty  inches  in  width.  Some  distance  south  of 
this  in  the  West  Branch  Lake  is  a  vein  of  limonite  about  two  feet 
thick.  It  is  not  yet  settled  if  the  ore  at  Drug  Brook  represents  that 
met  near  Glengarry,  and  possibly  it  belongs  to  a  second  ore  range  lying 
to  the  south  of  the  specular.  This  vein  is  strengthened  by  the  fact 
that  limonite  occurs  further  east  to  the  south  of  the  specular. 

From  the  Drug  Brook  westward  for  about  three  miles  traces  of  specu- 
lar ore  are  met.  At  this  point,  in  an  area  owned  by  Mr.  S.  H.  Holmes, 
an  opening  has  been  made  on  a  specular  vein  seven  feet  wide.  Thence 
eastward  to  the  East  River  the  passage  of  the  specular  ore  vein  has 
been  traced  and  several  openings  made.  The  vein  is,  strictly  speaking, 
a  stratum  vein,  and  has  a  course  agreeing  closely  with  that  of  the 
slates,  and  a  nearly  vertical  dip.  Its  width  is  from  50  to  150  feet, 
and  the  ore  bodies  run  in  width  from  one  to  twenty  feet.  The  princi- 
pal openings  have  been  made  on  areas  held  by  Messrs.  Holmes  and 
Bartlett.  At  the  point  where  the  vein  approaches  the  river,  there  are 
indications  that  it  carries  limonite  as  well  as  specular,  and,  as  already 
mentioned,  there  is  a  body  of  limonite  lying  about  a  quarter  of  a  mile  to 
the  south,  and  said  to  be  about  six  feet  wide.  These  ores  are  found  along 
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the  crests  of  the  lulls  bordering  the  river  valley,  and  admit  of  consider- 
able adit  mining,  and  should  be  easily  drained.  They  are  compact  and 
foliated,  and  of  good  quality.  The  principal  impurities  observed  in 
the  ore  is  sulphur,  but  it  appears  to  be  confined  in  a  small  compass  at 
a  few  points,  and  is  presumably  due  to  some  agency  of  faults  later  in 
date  than  the  formation  of  the  ore  vein,  and  the  remaining  portions  of 
the  veins  are  free  from  it. 

Along  the  valley  of  the  East  River  above  Springville  the  Lower 
Carboniferous  marine  formation  rests  upon  the  Silurian,  the  actual 
unconformable  contact  being  visible  at  several  points.  So  far  as  explora- 
tions have  been  carried,  there  appears  to  be  a  junction  fracture  or 
series  of  faults. 

These  seem  to  have  become  receptacles  for  numerous  deposits  of 
an  excellent  limonite  ore.  The  ore  occurs  in  the  Carboniferous  and 
in  the  older  slates  as  either  horizon  was  faulted,  and  along  the  junc- 
tion. For  a  distance  of  about  eight  miles  extending  down  the  river 
from  Sunny  Brae,  there  are  numerous  exposures  of  ore.  At  several 
points  the  bodies  are  over  twenty  feet  wide.  The  mining  operations  ini- 
tiated by  the  New  Glasgow  Iron,  Coal  and  Railway  Co.  during  the  past 
few  months  have  shown  that  the  deposits  maintain  their  size  in  depth. 
At  several  places  the  ores  are  highly  manganiferous,  and  from  one 
opening  about  100  tons  of  manganese  ore  of  excellent  quality  was  ex- 
tracted. The  limestones. which  are  found  in  close  connection  with  the 
limonite  are  frequently  highly  ferruginous  and  manganiferous,  and  speci- 
mens have  been  found  showing  that  spathic  ore  also  occurs  in  this  valley 
of  the  East  River.  At  the  point  where  the  West  Branch  of  the  East 
River  crosses  the  junction  of  the  Carboniferous  and  Cambro  Silurian, 
drift,  limonite  has  been  observed,  but  no  search  has  been  made  for  it. 

The  ore  of  this  valley  is  compact,  concretionary  and  fibrous,  with 
considerable  quantities  of  gravel  ore.  At  two  points  the  ore  has  been 
noticed  to  rest  on  the  Silurian  clay  slates,  and  has  limestone  on  the 
hanging  walls,  with  a  gore  of  red  clay,  frequently  holding  concretions 
of  manganite  and  pyrolusite  intervening.  These  ores  are  very  pure  and 
free  from  phosphorus,  the  average  of  five  analyses  giving  .118  phospho- 
ric acid,  or  .083  of  phosphorus  in  100  parts  of  iron. 

The  belt  holding  ore  is  800  yards  wide  at  several  places  as  shown  by 
surface  indications,  and  it  appears  probable  that  there  is  a  large  amount 
of  it  in  the  valley. 

The  limonite  may  have  been  derived,  like  the  limonite  of  Cumberland 
Co.  and  other  localities  in  Pennsylvania,  as  a  residual  precipitate  from 
the  disseminated  iron  sand  grains  of  the  Upper  Silurian  strata,  as  well 
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as  a  deposit  from  the  gradual  dissolution  of  the  marine  limestone.  In 
view  of  this  it  may  be  stated  that  in  this  district  the  rocks  of  both  ages 
contain  considerable  quantities  of  iron  as  carbonate  and  peroxide,  and 
that  the  erosion  has  been  on  an  enormous  scale. 

Passing  to  the  Sutherland's  River  district,  an  opening  has  been  made 
J  on  a  bed  of  spathic  ore  which  occurs  in  red  marl,  associated  with  lime- 
stone and  gypsum.  Its  width  varies  from  six  to  ten  feet,  and  from  surface 
indications  it  appears  to  extend  over  a  considerable  tract  of  country. 
The  bed  in  places  is  highly  manga  niferous,  and  is  a  typical  spathic 
iron,  granular  and  crystalline  in  texture,  and  of  a  light  grey  colour. 
The  following  analyses  will  show  its  character  : — 

I.  II. 

Sesquioxide  of  iron 20.52         

Carbonate  of  iron 57.40  82.11 

Carbonate  of  manganese 8.29  4.70 

Carbonate  of  lime  4.02  2.37 

Carbonate  of  magnesia 5.66  9.06 

Silica  2.38  1.69 

Moisture 1.43         

Sulphur none  .10 

Phosphorus none  none 

Metallic  iron. 42.07  39.64 

I.  Dr.  T.  S.  Hunt.  II.  J.  H.  Huxley. 

Indications  of  spathic  ore  have  been  found  on  Sutherland's  River, 
McLellan's  Brook,  etc.,  under  similar  conditions,  and  this  ore  may  prove 
a  widespread  and  important  addition  to  the  ores  of  the  county.  Still 
further  east  on  French  River,  at  a  horizon  apparently  several  hundred 
feet  higher,  and  considered  to  represent  the  upper  part  of  the  Marine 
Limestone  formation,  there  are  several  beds  of  a  nodular  red  hematite, 
varying  in  thickness  up  to  four  feet.  These  beds  have  been  recognised 
as  extending  for  several  miles.  They  appear  to  be  the  weathered  out- 
crops of  carbonate  ores,  but  they  have  only  been  examined  superficially. 
Samples  taken  from  the  outcrop  of  a  four  foot  on  French  River  yielded 
35  per  cent,  of  metallic  iron. 

In  the  productive  coal  measures,  clay,  ironstone  and  black  band 
ores  have  been  noticed  at  several  horizons.  It  may  be  questioned  if 
any  of  the  ores  hitherto  casually  exposed  in  shafts  and  stone  tunnels 
are  present  in  quantities  large  enough  to  warrant  the  expectation  of 
independent  workings,  although  in  some  cases  they  could  be  worked  in 
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connection  with  the  coal  beds.     The  following  analyses  by  the  writer 
will  serve  to  show  the  quality  of  some  of  these  ores  : — 

I.  II. 

Clay  Ironstone.   Black  Band 

Moisture 2.132         

Sulphur 612  .214 

Phosphoric  acid trace  .586 

Manganese  oxide 4.450 

Lime trace  3.780 

Magnesia 1.655  .783 

Alumina 16.962  3.180 

Silica 780  16.546 

Carbonic  acid 27.589 

Iron  protoxide 45.361  36.000 

Metallic  iron 35.000  28.000 

Although  no  attempts  have  yet  been  made  to  find  iron  ore  in  the  coal 
districts,  the  indications  observed  up  to  the  present  date  may  fairly  be 
considered  to  show  the  probable  presence  of  a  large  and  cheap  supply 
of  ore. 

In  the  Upper  Carboniferous  measures  lying  to  the  north  of  New 
Glasgow  there  are  several  thin  layers  of  clay  ironstone  not  apparently 
of  economic  value. 

In  the  surface  drift  there  have  been  beds  of  bog  iron  ore  observed  at 
numerous  points.  These  deposits  have  nowhere  been  observed  of  large 
dimensions,  but  would  probably  be  utilised  for  furnace  purposes  in  the 
vicinity  of  the  iron  ore  districts  more  particularly  alluded  to  above. 

ANALYSES    OF   PICTOU   IRON    ORES. 
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1.  Dr.  Macadam. 

3,  4,  7,  Dr.  T.  E.  Thorpe-     5,  6,  S.  H.  Huxley. 
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River  John,  French  and  East  Rivers  may  be  mentioned  as  localities 
yielding  this  ore  ;  and  the  following  analysis  by  the  writer  is  of  ore 
from  a  small  bed  exposed  in  a  cutting  of  the  Glasgow  and  Cape  Breton 
Railway  in  Merigomish  near  French  River:  — 

Moisture 5.500 

Water  of  composition  6.100 

Sulphur 208 

Phosphoric  acid .384 

Manganese  oxide 5.886 

Lime trace 

Magnesia trace 

Alumina 3.106 

Silica 12.325 

Iron  peroxide 66.510 

Metallic  iron 46.557 

At  Newton  Mills,  Upper  Stewiacke,  the  New  Glasgow  Coal,  Iron  and 
Railway  Co.  have  opened  an  important  deposit  of  red  hematite,  occur - 
ing  in  connection  with  measures  provisionally  referred  to  the  Upper 
Silurian.  The  slates  connected  with  the  deposit  are  in  places  rich 
enough  to  work  as  ore.  It  is  believed  that  further  search  will  show  a 
valuable  deposit  here. 

A  working  sample  gave  : — 

Peroxide  of  iron 60.380 

Phosphorus 018 

Sulphur 164 

Lime 340 

Alumina  6.640 

Silica 27.970 

Manganese  and  magnesia trace 

Alkali 2.690 

Water 1.310 

Iron 42.27 

In  Hants  County,  on  the  west  and  east  sides  of  Grand  Lake,  where 
the  Lower  Carboniferous  measures  rest  on  the  Lower  Cambrian 
(Auriferous  measures),  there  are  pockets  of  red  hematite  of  excellent 
quality.  Little  attention  has  yet  been  paid  to  this  locality,  which  may 
prove  important,  as  the  ores,  if  present  in  quantity,  are  rich  enough 
to  ship  via  Halifax  for  export  to  the  United  States,  and  would  be 
about  80  miles  from  New  Glasgow  and  Londonderry. 

These  ores  are   similar  in  quality  and   mode  of  occurrence  to  those 
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found  at  the  contact  of  the  Carboniferous  and  Laurentian  at  numerous 
points  in  Cape  Breton,  already  referred  to.  At  Brookfield,  about  8 
miles  south  of  Truro,  a  mine  has  been  opened  on  a  large  v  ein  ot  limonite, 
in  places  over  twenty  feet  wide.  Shipments  have  been  made  by  rail  to 
Londonderry,  and  it  is  probable  that  it  will  be  largely  drawn  upon  for  the 
proposed  furnaces  in  Pictou  County.  The  ore  is  of  good  quality,  some  of 
it  being  almost  chemically  pure.  It  is  about  thirty-five  miles  by  rail 
from  Londonderry  and  fifty  miles  from  New  Glasgow.  At  Goshen,  be- 
tween Windsor  and  Truro,  a  vein  of  ankerite  containing  limonite  has 
been  opened  in  strata  of  the  Marine  Limestone  age,  and  proved  to  be  forty 
feet  wide.  The  following  analysis  of  the  ore  is  interesting  from  the 
amount  of  manganese  present.  In  connection  with  this  ingredient  it 
may  be  stated  that  considerable  quantities  of  manganite  and  pyrolusite 
have  been  mined  and  exported  from  this  district. 

Metallic  iron 35.10 

Oxide  of  manganese 24.74 

Alumina 3.68 

Lime 35 

Magnesia 4.76 

Silica 4.81 

Iron  pyrites 20 

Phosphoric  acid 21 

Water 11.10 

100  of  iron  contain 26  phosphorus. 

At  the  mouth  of  the  Shubenacadie  River  the  lowest  visible  Carboni- 
ferous bed  is  a  dark  laminated  limestone  which,  with  the  overlying 
sandstones  and  marl,  contains  small  veins  holding  limonite  and  specular 
ore,  with  ankerite,  barite,  calcite,  goethite,  manganite  and  siderite.  In 
the  same  formation,  a  few  miles  to  the  eastward  of  Clifton,  similar  ores 
are  found.  At  this  point  they  are  of  more  importance,  one  of  the  limo- 
nite veins  being  six  feet  wide. 

At  Selma,  to  the  west  of  the  Shubenacadie  River,  a  compact  red  hema- 
tite occurs.  A  partial  test  made  by  the  New  Glasgow  Coal,  Iron  and 
Railway  Co.  shows  eight  feet  of  ore.  Further  work  will,  it  is  expected, 
show  an  important  deposit. 

The  ore  resembles  very  closely,  and  can  hardly  be  distinguished  from, 
choice  Lake  Superior  red  hematite.  The  deposit  is  in  measures  of 
Lower  Carboniferous  age,  but  does  not  appear,  so  far  as  work  has  been 
carried,  to  be  a  contact  deposit.  The  following  analysis  of  averages 
will  sbow  its  quality  : — 
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Silicious  matter 12.610 

Phosphorus 037 

Sulphur 020 

Iron 46.02 

At  Mount  Thorn,  in  Colchester  County,  drift  boulders  of  specular 
ore  were  found  last  summer  by  the  New  Glisgow  Coal  and  Iron  Co., 
and  openings  made  on  what  appears  to  be  the  parent  vein ;  and  at 
Kemptown,  on  the  easterly  prolongation  of  the  Londonderry  vein,  an 
important  deposit  of  limonite  was  found,  and  is  now  being  proved. 
Working  samples  yielded  : — 

Iron 53.040 

Phosphorus 112 

Sulphur 022 

Silica 7.490 

On  the  upper  waters  of  the  North  River  of  Truro  magnetite  occurs 
in  a  vein  three  feet  thick,  and  is  of  good  quality. 

Londonderry.     The  mineralogical  and  geological  relations  of  the 
ferriferous  strata  here  have  been  fully  described  by  Sir  Wm.  Dawson 
and  Dr.  Selwyn.     It  may  be  remarked  that  running  along  the  southern 
flank  of  the    Cobequid  Mountains  there  is  a  band  of  strata,  referred  by 
some  writers  to  tlie  Cambro  Silurian  period,  carrying  for  a  distance  of 
many  miles  a  stratum  vein  composed  of  carbonates  and  oxides  of  iron, 
with  carbouate  of  lime  and  magnesia.     Situated   on  elevated  ground, 
cut  transversely  by  deep  ravines,  this  vein  has  as  yet  been  inappreciably 
worked.     Its  width  varies  up  to  two  hundred  feet,  and  ore  bodies  of 
limonite   have  been  found  in  it  over  fifty  feet   wide.     There   are  also 
immense  masses   of  spathic  ore,  and  at   some  points  the  vein    carries 
ankerite.     At  present,  mining  operations  are  confined  principally  to  the 
limonite,  but  from  this  d  ite  more  attention  will  be  paid  to  the  spathose 
ores,  which  will  yield  on  calcining  a  valuable  furnace  material.     There 
are  two  mines,  known  as  the  East  and  West  mines,  connected  by  rail- 
way with  the  furnaces  standing  between  them,  about  three  miles  from 
Londonderry  Station,  on  the  Intercolonial  Railway.     These  mines  give 
employment  to  about  100   miners,  who  are  housed  by  the  Company. 
There  are  two  furnaces,  the  one  now  being  put  in  blast  having  a  height 
of  75  feet,  19  feet  bo-h,  and  a  nine  feet  hearth,  and  will,  it  is  expected, 
yield  100  tons  of  pig  a  day.     The  other  furnace  is   62  feet  high,  with 
19  feet  bosh,  and  7  feet  hearth,  and  will  probably  be  altered  to  corres- 
pond with  the  more  productive  dimensions   of  its   mate.       Two  gas 
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calcining  kilns,  of  a  capacity  of  one  hundred  tons  each  day,  are  being 
built  to  calcine  the  spathic  ore  which  has  the  following  composition  : — 

Iron 40.60 

Silica 1.60 

Volatile 32.8 

and  would  yield  upon  calcination  about  60  per  cent  of  iron.  Some 
of  this  ore  enriched  by  veiulets  of  specular  runs  as  high  as  59  per  cent, 
of  iron.  The  following  analysis  from  the  reports  of  the  Canadian 
Geological  Survey  will  serve  to  show  the  quality  of  the  other  ores: — 

Limonite.  Hematite. 

Peroxide  of  iron 82.65  96.930 

Oxide  of  manganese 25  — 

Alumina 56  .330 

Lime  15  .040 

Magnesia 10  .110 

Phosphoric  acid 18  .007 

Sulphuric  acid 12  .030 

Water 10.71  .820 

Insoluble 4.79  1.260 

Metalliciron 57.85  67.850 

A  small  quantity  of  ankerite  has  been  used  as  a  flux    and  yields  : — 

Carbonate  of  lime 51.61 

Carbonate  of  magnesia 28.69 

Carbonate  of  iron 19.57 

Insoluble 13 


100.00 

The  Brookfield  limestone  which  is  used  for  flux,  and  resembles  a 
compacted  heap  of  recently  opened  and  cleaned  shells,  is  remarkably  free 
from  sulphur  and  phosphorus,  as  shown  by  the  following  analysis: — 

Lime  carbonate 97.39 

Magnesia  carbonate 94 

Oxide  of  iron 2.70 

Phosphoric  acid none 

Insoluble  residue trace 

About  35,000  tons  of  charcoal  pig  were  made  here  during  the  early 
history  of  the  establishment,  the  following  analysis  of  which  is  by 
Tookey : — 
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Carbon 3.50 

Silica 84 

Sulphur 02 

Phosphorus 19 

Manganese 44 

Iron 94.85 

The  indications  are  that  this  vein  will  continue  for  many  years  to 
come  to  yield  a  supply  of  excellent  ore  equal  to  the  demands  of  an  estab- 
lishment much  larger  than  the  present  one. 

The  coke  used  here  is  nude  from  coal  from  the  Intercolonial  and 
Albion  mines,  Pictou  county,  and  from  the  Spring  Hill  mines,  and  varies 
somewhat  in  ash  percentages  from  15  to  20  per  cent.  The  coke  in 
other  respects  is  hard,  and  free  from  deleterious  substances.  An 
attempt  is  now  being  made  to  work  the  lower  portion  of  the  Albion 
Main  Seam,  Pictou  county,  which  yields  an  excellent  furnace  coke. 
The  coal  gives  on  analysis  : — 

Ash 9.00 

Volatile  matter 27.65 

Fixed   carbon 63.35 

And  the  coke  shows  : — 

Ash 13.1 

Volatile  matter 3.0 

Fixed  carbon 83.9 

The  furnaces  are  fitted  with  blowing  engines,  hot  blast  strives,  lifts, 
ore  sheds,  etc.,  substantially  built  and  of  modern  pattern.  In  addition 
there  are : — 

Rolling  mill : — 

8  double  puddling  furnaces. 
1  single         u  " 

Horizontal  squeezer  and  rolls. 
18  inch  train  of  rolls. 
16     "       do  do 

9    "      do  do 

2  steam  hammers. 
5  heating  furnaces. 
Capacity  of  mill,  8,000  tons  a  year. 

do      blast  furnace,  20,000  tons  a  year, 
do         do         do      under  construction,  35,000  tons  a  year. 
Pipe  foundry,  6,000  tons  a  year. 
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At  Canfield  Creek,  Cumberland  Co.,  Mr.  E.  Gr.  Leckie  has  opened 
a  large  bed  of  limonitc  conveniently  situated  for  mining  and  for  trans- 
portation by  land  or  sea.     The  following  analysis  shows  its  quality  : — 

Sesquioxide  of  iron  68.01 

Insoluble  matter 5.40 

Oxide  of  manganese 5.b'7 

Lime 2.50 

Volatile .. 16.30 

The  Nova  Scotian,  or  southern  side  of  the  Bay  of  Fundy  is  girt  by 
a  wall  of  dioritic  trap,  with  ash,  lying  upon  and  connected  with  sand- 
stones referred  to  the  Triassic  period.  At  numerous  points  this  trap 
holds  veins  of  magnetite  and  specular,  and  not  unfrequently  the  soil 
derived  from  it  holds  limonite  as  the  outcome  of  a  secondary  process. 
Usually  the  veins  are  irregular  and  small,  the  largest  deposit  which 
has  come  under  the  writer's  notice  being  nearDigby,  and  from  eighteen 
inches  to  two  feet  in  width.  The  magnetite  is  frequently  massive, 
sometimes  crystallised  in  partly  filled  veins,  and  associated  with 
quartz,  colourless  and  amethystine.  It  is  usually  pure,  the  principal 
foreign  substance  being  silica.  The  ore  also  occurs  disseminated  in 
the  trap  at  numerous  points  in  small  grains,  sometimes  only  recog- 
nisable when  separated  by  the  magnet  from  the  pulverized  rock.  At  a 
point  near  Digby  Neck  it  is  associated  with  specular  ore,  and  a  few  tons 
were  shipped  some  years  ago. 

The  following  analyses  will  show  the  characters  of  these  ores  : — 

I.  II.  III. 

Iron 60.430  4U.291  68.33 

Silica 14.320  26.872  5.46 

Phosphorus 036  .031          

Sulphur 046  .021           

Titannic  acid trace  trace           

Magnesia 1.27 

Digby  Neck,  Granville,  Margaretville,  Malvern  are  among  the  local- 
ities where  surface  indications  appear  to  warrant  a  belief  that  work- 
able deposits  exist. 

Red  hematite  occurs  in  a  similar  manner  associated  with  quartz, 
agate,  and  calcite.  It  is  sometimes  presented  in  the  form  of  small 
crystalline  plates,  in  a  granular  quartz  matrix,  and  sometimes  as  crys- 
tals, apparently  showing  its  derivation  from  the  magnetite.  Specimens 
are  met,  especially  J;he  more  highly  crystalline  ones,  having  decidedly 
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magnetic  properties.  These  ores  are  frequently  met  throughout  the 
trap  range,  which  is  120  miles  in  length. 

Titaniferous  iron  ore  is  found  at  St.  Mary's  Bay,  west  of  Digby,  as 
sand  forming  irregular  layers  in  the  beach.  The  indications  are  said 
to  be  extensive,  but  no  attempts  have  been  made  to  test  its  value  for 
working. 

A  sample  yielded  : — 

Magnetic  iron  sand  or  iserine 30 

Non-magnetic  or  ilmenite 56 

Silicious  sand 14 


100 

Both  varieties  containing  a  large  amount  of  titanium  and  a  little 
magnesia.  This  ore  is  reported  from  Shelburne  and  other  points  on 
the  Atlantic  Coast,  and  from  Musquodoboit,  near  Halifax  ;  that  from 
the  latter  place  being  a  dark  micaceous  schist,  holding  crystals  of  mag- 
netite with  titanium  in  considerable  quantity.  The  writer  has  also 
observed  a  similar  ore  near  Sutherland's  River,  in  Pictou  County,  hold- 
ing titanium.  So  far  these  ores  have  not  been  much  prized  by  the 
metallurgist.  Attempts  were  made  a  number  of  years  ago  to  smelt 
similar  ores  at  Bay  St.  Paul,  on  the  north  shore  of  the  Gulf  of  St. 
Lawrence,  but  were  abandoned  chiefly,  it  is  said,  owing  to  the  cost  of 
fuel.  The  pig  made  was  white  and  of  fair  quality.  There  are,  how- 
ever, on  the  northern  shores  of  the  Gulf  and  in  Newfoundland  deposits 
of  magnetites  apparently  free  from  this  ingredient,  and  they  may  prove 
an  important  aid  to  the  iron  smelting  operations  in  Pictou  County. 
South  of  the  long  range  of  trap  referred  to,  is  a  narrow  fertile  valley 
traversed  by  the  Annapolis  and  Cornwallis  valleys,  and  underlaid  by 
Triassic  sandstones.  On  the  south  side  of  the  valley  a  band  of  strata, 
referred  by  Sir  William  Dawson  to  the  Devonian,  succeeds  the  sand- 
stones. This  band  varies  in  width  from  three  to  six  miles,  and  is  known 
to  extend  from  Digby  to  a  point  a  few  miles  west  of  Windsor,  and  is 
divided  into  two  nearly  equal  parts  by  a  mass  of  granite.  In  the  wes- 
tern part  are  the  Clementsport  ores,  in  the  eastern  those  of  the  Nictaux 
district. 

At  Clementsport  there  are  two  beds  of  ore  running  nearly  east  and 
west,  and  underlying  to  the  south  at  nearly  vertical  angles.  The  high- 
est of  these  beds  is  known  as  the  Milner  deposit,  and  varies  in  thickness 
from  two  to  four  feet.  It  is  a  specular  ore,  metamorphosed  with  mag- 
netic properties,   and  retains  casts  of  virelibite,  spirif'ers  and   associa- 
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ted  mollusks.  The  ore,  which  is  of  fail- quality,  yields  about  33  per 
cent,  of  metallic  iron,  and  has  been  mined  by  open  cast  work.  The 
underlying  or  Potter  bed  may  perhaps  be  classed  as  a  magnetite,  and 
the  former  workings  presented  the  following  section  : — 

ft.  in. 

Ore 3  0 

Slate 2  6 

Ore 3  6 


9         0 

It  is  compact  and  dark  gray  in  colour.  The  writer  has  seen  no  analy- 
sis  of  it,  but  it  has  been  reported  as  running  low  in  phosphorus  and 
yielding  48  per  cent,  of  iron. 

At  Bloomfield  and  several  other  points  in  this  vicinity  are  beds  of 
bog  ore,  yielding  about  25  per  cent,  of  iron.  It  is  found  a  few  inches 
under  the  surface,  in  layers  from  six  inches  to  two  feet  in  thickness. 
Reference  has  already  been  made  to  the  furnace  built  here,  and  details 
of  its  size,  etc.,  are  without  interest  in  this  connection.  The  fuel  was 
charcoal,  and  the  daily  yield  from  a  mixture  of  ore  from  the  various 
openings  was  five  tons. 

At  Nictaux,  37  miles  east  of  Clemen tsport,  an  attempt  was  made  a 
number  of  years  ago  to  work  similar  ores.  The  ore  was  taken  from  a 
bed  of  highly  fossiliferous  peroxide,  of  iron  associated  with  dark  gray 
slates,  which  has  been  traced  about  four  miles,  and  varies  in  thickness 
from  three  to  four  and  a-half  feet. 

The  fossils  of  the  red  hematite  and  associated  beds  are  spirifer,  are- 
nosus,  strophemena,  magnifica,  and  depressa,  Atrypa  unguiformis,  and 
species  of  Avicula,  Bellerophon.  Favosites  and  Zaphrentis,etc.,  compared 
by  Professor  Hall  with  the  fauna  of  the  Oriskany  sandstones,  and  prov- 
ing the  beds  to  be  of  Lower  Devonian  age.  There  is  also  found  in 
these  measures  a  bed  of  gray  magnetic  ore  about  eight  feet  wide. 
Several  other  deposits  of  ore  have  been  found  at  Torbrook,  and  consid- 
erable amounts  have  been  shipped  by  Mr.  Leckie  to  his  furnaces  at  Lon- 
donderry. These  newer  openings  yield  a  good  ore,  and  the  beds  vary  in 
thickness  from  five  feet  up  to  eight  feet.  The  following  analysis  will 
show   their  quality  : — 

Magnetite.       Red  Hematite. 

I.  II.  III. 

Metallic  iron  59.11  57.93  59.86 

Sulphur 09  .036  .11 


Gilpin  on  Iron  Ores.  119 

Phosphorus 17  .16  none 

Alumina 5.53  —  3.14 

Lime 2.70  —  2.16 

Magnesia 41  —  — 

Silica 14.97  17.21  5.93 

The  ores  of  this  district  appear  to  have  been  originally  red  hematites 
or  peroxides,  but  they  have  lost  more  or  less  of  their  oxygen  and  become 
magnetic.  Specimens  can  be  got  showing  the  gradual  change  from 
normal  red  hematites  with  cherry  red  powder,  to  magnetic  ores  with 
brown  or  black  streaks.  This  is  probably  a  local  metamorphism  due 
to  the  presence  of  organic  matter  and  the  granitic  dykes  which  traverse 
the  works  in  the  vicinity. 

A  bed  four  feet  wide  of  manganiferous  ore  from  this  locality  owned 
by  Mr.  R.  G.  Leckie  yielded  : — 

Metallic  iron 18.47 

Metallic  Manganese 9.80 

Insoluble 33.50 

Lime 3.00 

The  writer  has  received  specimens  of  limonite,  red  hematite,  and 
bog  ore  from  the  district  lying  to  the  south  of  the  Devonian  band,  and 
extending  east  nearly  to  Windsor,  a  distance  of  fifty  miles.  As  yet 
these  ores  are  not  known  in  amounts  of  economic  value,  but  no  search 
has  yet  been  made  for  them  ;  and  as  the  Silurian,  Arisaig,  horizons 
probably  exist  here,  important  discoveries  may  be  anticipated. 

CONDITIONS  UPON    WHICH    IRON    ORE    LANDS    ARE    GRANTED. 

The  following  is  a  brief  outline  of  the  conditions  under  which  mine- 
rals other  than  gold  and  silver,  owned  by  the  Provincial  Government, 
are  granted. 

A  license  to  search  for  eighteen  months  can  be  secured  for  $30.00. 
covering  five  square  miles.  Before  the  expiration  of  the  license  to 
search  a  lease  of  one  square  mile  can  be  selected  on  the  payment  of 
$50.00.  This  runs  for  twenty  years,  an  annual  rental  of  $30.00  being 
paid  unless  work  is  performed,  and  is  renewable.  A  royalty  of  five 
cents  a  ton  is  levied  on  all  coal  sold  or  smelted.  The  law  also  provides 
that  any  land  required  for  mining  purposes  may  be  secured  by  arbitra- 
tion. 

There  are  many  localities  in  the  Province  where  the  land  grants  made 
previously  to  1809  conveyed  the  iron  ore  also.  These  mineral  proper- 
ties in  this  respect  belong  to  the  owner  of  the  soil,  and  are  not  liable  to 
the  Government  royalty. 


CORRESPONDENCE. 
Mr. S.E. Chambers.  j\]r  Chambers  of  the  New  Glasgow  Iron,  Coal  and  Railway  Co. 
remarked  that  be  had  recived  a  copy  of  Mr.  Grilpin's  valuable  paper  on 
"  The  Iron  Ores  of  Nova  Scotia,"  with  a  request  to  make  some  remarks 
on  it.  The  paper  covers  the  ground  so  completely  as  to  require 
nothing  in  addition. 

As  in  most  other  countries,  there  are  many  places  showing  ore  in 
Nova  Scotia  which  are  not  of  economic  importance,  but  there  are  also 
many  deposits  of  large  size  and  very  great  value.  After  18  months 
of  exploring  and  prospecting  the  Company  represented  by  the  writer 
have  secured  and  developed  sufficient  high  class  ore  to  warrant  the  erec- 
tion of  furnaces  of  large  capacity.  A  personal  examination  of  the  iron 
resources  of  the  Southern  States  and  the  Lake  Superior  region  makes 
it  evident  that  there  is  no  place  in  the  United  States  or  Canada  where 
iron  can  be  made  to  better  advantage  than  in  Pictou  County,  Nova 
Scotia. 


Thursday,  9th  April. 

P.  A.  PETERSON,  Member  of  Council,  in  the  Chair. 

Thefolowing  candidates,  having  been  balloted  for,  were  declared  duly 
elected  as  : — 

Associate    Members. 

Andrew  Lake  McCulloch.  William  Hill  Tout. 

Camilo  Enrique  Pani.  William  Fraser  Van  Buskirk. 

Bryce  Johnson  Saunders.  Percy  Webb. 

Associates. 

John  Bell.  Roswell  Fisher. 

Ovid  M.  Gould. 

Students. 

James  William  Domville.  Arthur  Miles  Grantham. 

The  following  has    been  transferred  from    the    class  of  Associate 
Members  to  that  of  Members  : — 

William   Mahon  Davis. 

The  following  have  been  transferred   from  the  class  of  Students  to 
that  of  Associate  Members  : — 

John'  Plaw  Ball.  Marshall  Willard  Hopkins. 


Paper  JVo.  51. 

8BWBEAGE  AND  WATER- WORKS  OF  ST.  JOHN'S, 
NEWFOUNDLAND. 

By  Alan  Macdougall,  M.  Can.  Soc.  C.E. 

Devastated  by  a  fire  which  left  hardly  a  single  building  standing  in 
1846,  hampered  by  the  peculiar  policy  of  the  Imperial  Government 
towards  the  colony,  which  only  received  Responsible  Government  in 
1854,  governed  by  the  Provincial  Government  as  a  part  of  the  general 
property  in  the  island,  and  only  now  permitted  to  enjoy  a  partial  self 
governmeut,  and  sadly  hindered  by  a  most  curious  system  of  land 
tenure,  the  city  of  St.  John's  certainly  did  not  rise  like  the  Phoenix  out 
of  its  ashes.  The  city  has  had  a  great  deal  to  contend  with  during 
the  past  45  years,  and  more  so  in  the  period  more  immediately  passing 
away.  Absent  landlordism  and  absent  capitalists  draw  all  the  profits 
from  the  city,  and  leave  the  money  makers  to  battle  with  all  the  expenses 
attendant  upon  the  building  up  of  the  city.  The  whole  of  the  city  is 
built  on  leasehold,  nearly  all  of  the  earlier  leases  are  non-renewable, 
and  contain  provisions  that  all  improvements  belong  to  the  owners  of 
the  land  at  the  termination  of  the  leases.  The  system  of  land  tenure 
savours  more  of  the  feudal  and  vassal  system  than  of  nineteenth  century 
advancement. 

The  city  of  St.  John's  is  built  on  a  steep  hill-side.  It  is  surrounded 
by  high  steep  hills  rising  300  to  600  feet  above  sea  level,  with  a  land- 
locked harbour  of  345  acres  in  extent. 

The  entrance  to  the  harbour  is  through  a  narrow  gorge  bearing  evidence 
of  having  been  scoured  out  by  glacial  actions.  The  rocks  in  the  neigh- 
bourhood are  Huronian. 

The  present  population  is  estimated  at  30,000.  Nearly  all  the  build- 
ings are  of  wood  ;  the  only  stone  and  brick  buildings  being  on  the  two 
principal  business  streets — Water  and  Duckworth.  Public  buildings, 
such  as  Government  house  and  buildings,  the  principal  churches  and  so 
forth,  are  of  stone  imported  from  Ireland.     After  the  fire  no  re-survey 
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was  made,  or  any  regulations  passed  governing  the  erection  of  buildings  j 
consequently  a  town  lias  grown  up  full  of  curious  irregular  streets,  full 
of  encroachments  and  narrow  spaces  such  as  one  meets  with  in  Euro 
pean  Continental  cities,  where  people  can  almost  shake  hands  out  of 
their  windows.  The  streets  are  all  closely  built  upon,  there  are  no 
spaces  between  the  houses ;  the  blocks  are  solid  masses,  in  many  cases 
without  any  means  of  access  to  the  roar  of  the  houses,  aud  in  many 
cases  the  backs  almost  touch  each  other. 

The  streets  rising  from  the  harbour  are  very  steep,  the  ruling  gradient 
is  about  1  in  9.  The  rear  parts  of  houses  in  many  streets  arc  so  much 
below  the  street  level,  the  lowest  portions  cannot  be  connected  to  the 
sewers.  The  city  is  practically  built  upon  rock,  it  crops  out  everywhere 
in  the  streets ;  huge  masses  overhang  the  backs  of  houses,  shewing  it 
has  been  quarried  out  to  allow  the  houses  to  be  built.  The  problems 
relating  to  sewerage  are  complex  and  interesting  from  a  variety  of 
circumstances,  the  discussion  of  which  will  occupy  more  space  than 
the  limits  of  this  paper  will  allow. 

The  population  consists  largely  of  working  people,  who  are  poor; 
nearly  everyone  of  them  is  engaged  in  the  fishing  trade,  either  seal  or 
bank  fishing.  The  houses  are  of  poor  construction,  of  small  rental,  and 
incapable  of  bearing  the  expense  of  such  sewerage  and  plumbing  as  the 
experience  of  the  present  day  teaches  to  be  necessary.  Under  one  roof 
can  be  ordinarily  found  six  to  eight  different  families,  occupying  one  or 
two  rooms  each,  and  in  many  cases  being  the  proprietors  of  these  small 
apartments,  thus  illustrating  the  "tenement"  house  of  the  Eastern 
States,  or  the  "  flat  "  of  Scottish  cities.  These  people  are  not  able  to 
put  iu  "  the  latest  modern  improvements,"  nor  have  they  the  space 
to  devote  to  them.  The  buildings  and  occupants  are  far  from  squalid  ; 
the  occupants  are  cleanly  and  tidy  people,  withja  very  marked  taste  for 
flowers  ;  the  houses,  generally,  being  in  good  condition. 

Under  the  present  regime,  which  was  inaugurated  two  years  ago, 
when  the  city  received  its  present  form  of  government,  great  and  mar- 
vellous changes  have  been  effected.  The  present  municipal  control  is 
vested  in  a  "municipal  council ;  "  it  is  expected  that  at  the  next  meet- 
ing of  the  Legislature,  a  proper  form  of  civic  government  will  be 
granted  to  the  city.  When  this  is  effected  its  influence  on  the  good  of 
the  city  will  be  rapidly  felt. 

That  portion  of  the  town  site  which  slopes  towards  the  harbour  was  in 
the  early  days  intersected  by  a  number  of  natural  water  courses,  twelve 
or  fourteen  in  all,  which  were  used  for  a  long  time  for  culinary  and 
dietetic  purposes.    With  the  gradual  growth  of  the  population,  these 
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water  courses  were  turned  into  drains  or  storm-water  courses,  and 
in  the  ordinary  course  of  events  they  became  sewers,  discharging  into 
the  harbour. 

WATER-SUPPLY. 

The  first  effort  to  obtain  water  supply  was  made  about  1850,  when 
water  was  brought  from  a  small  lake  situated  ar  the  hill  commanding 
the  entrance  to  the  harbour,  called  "  Signal  Hill."  The  lake  is  300  feet 
above  the  sea  level.  A  small  distribution  was  made  along  Water  street, 
on  which  the  pipes  still  remain,  supplying  water  from  the  present  system 
under  a  pressure  of  100  lbs. 

In  1858,  the  present  system  was  laid  out  by  Messrs.  Robson,  Fore- 
man and  McCall  of*  Glasgow.  The  water  is  brought  from  Windsor  Lake, 
4^  miles  northwest  of  the  city.  The  surface  of  the  lake  is  500  feet 
above  the  tide  water  ;  it  has  a  surface  area  of  1370  acres.  The  grade 
for  the  first  mile  is  very  flat,  compared  to  the  rest,  particularly  to  the 
last  2|  miles,  where  the  fall  is  273  feet.  The  grades  are  1  in  520  for 
903  yds..  1  in  185  for  1496  yds.,  1  in  95  for  1190  yds.,  and  1  in  47 
for  4287  yds.,  which  brings  the  main  delivery  pipe  to  the  city  at 
an  elevation  of  156  above  tide  water.  The  supply  of  water  was  not 
satisfactory,  and  the  Company  who  originally  constructed  the  work 
consulted  Messrs.  Kinipple  and  Morris  in  1873,  when  Mr.  Morris  came 
to  Newfoundland  and  made  exhaustive  researches,  which  were  presented 
in  a  full  and  carefully  detailed  report.  The  pipe  as  originally  laid  was 
16  ins.  diameter  for  its  entire  length.  Mr.  Morris  found,  as  would  be 
expected,  that  the  portion  nearest  the  lake  was  incapable  of  supplying 
to  its  full  capacity  the  pipe  nearest  the  town.  He  also  found  a  remark- 
able and  unnecessary  waste  of  water  going  on.  In  some  houses  in  the 
lowest  lying  parts,  where  pressure  was  greatest,  there  were  no  fixtures 
on  the  pipes,  only  a  bent  end,  with  the  water  flowing  at  the  full  bore. 

After  making  many  practical  suggestions  as  to  prevention  of  water 
waste,  he  advised  certain  alterations  in  the  sizes  of  the  pipes,  which 
were  carried  out.  A  24  inch  supplanted  the  16  in.  for  903  yards  from 
the  lake,  two  double  16  inch  stretched  for  1496  yards  further,  and 
the  single  16  inch  remained  for  the  balance  of  the  distance. 

This  arrangement  worked  well  for  some  time,  though  it  did  not  give 
entire  satisfaction.  In  1883,  the  superintendent,  Mr.  John  Martin, 
M.  Am.  W.  W.  Assoc,  added  a  12  inch  pipe  to  the  end  of  the  double  16, 
for  a  distance  of  1188  yards,  bringing  it  to  the  head  of  the  heavy 
grade  next  the  city.  This  addition  now  balances  the  relative  dis- 
charging capacities  of  the  grades,  and  keeps  the  single  16  inch  full. 
The  daily  flow  is  now  close  on  5,000,000  gallons  (Imperial)  per  day. 
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In  spite  of  these  gradual  approaches  to  the  full  capacity  of  the  pipe, 
the  supply  was  unsatisfactory,  as  the  upper  part  of  the  city  had  very 
p<>or  supply  and  low  pressure,  and  during  winter  was  without  water. 

The  writer  has  just  finished  an  examination  into  the  causes  of  the 
dearth  of  water  in  the  higher  levels.  He  finds  that  an  undue  amount 
of  water  is  run  to  waste  in  winter  through  constant  flowing  taps  in  the 
lowest  levels  ;  that  economy  in  the  use  of  water  is  not  practised  in  winter  ; 
and  that  the  main  supplying  "  Water  street  "  rob-  the  other  streets,  the 
water  having  to  rise  to  the  upper  levels  chiefly  from  this  low  levi  1  of 
Water  street.  Observations  taken  with  a  pressure  gauge  have  agreed 
closely  with  calculated  pressures.  The  alterations  recommended  by 
the  writer  will  probably  be  carried  out  next  year,  when  all  the  trouble, 
it  is  hoped,  will  pass  away. 

The  pipes  are  of  cast  iron,  with  turned  and  bored  joints  ;  they  have 
been  imported  from  Scotland  till  lately,  when  they  were  cast  in  the  city. 
Those  made  in  city  were  cast  on  their  sides.  A  short  distance  of  the 
supply  main  was  laid  with  leaded  joints.  The  superintendent  informed 
the  writer  he  found  the  change  of  temperature  in  the  water  affected 
the  leaded  joint*,  and  that  they  began  to  leak  after  two  years,  and  had 
to  be  attended  to  every  second  year,  the  turned  and  bored  joints  had 
never  given  him  any  trouble.    This  seems  to  be  an  unusual  experience. 

House  services  are  of  lead,  stop  cock  boxes  are  of  cast  iron,  placed 
over  the  valve,  close  to  the  main,  and  not  iu  the  service  on  the  sidewalk. 

Fire  hydrants  are  of  the  Leadbetter  pattern,  which  was  the  first  one 
used  here  ;  it  has  been  adopted  ever  since. 

Public  fountains  are  scattered  over  the  city  ;  they  are  constant  flow- 
ing, discharging  from  two  to  four  and  in  a  few  cases  more  gallons  per 
minute.  Self-acting  and  closing  valves  are  now  being  attached  to  the 
fountains. 

There  are  about : 

9^  miles  of  mains. 

2000  house  services. 

165  fire  hydrants. 

70  public  fountains. 

The  quality  of  the  water  is  good,  soft,  pure,  potable,  and  well 
adapted  to  culinary  and  dietetic  purposes.  It  is  rather  hard  on  steam 
boilers,  pitting  the  shells  and  tubes  severely.  The  latter  have  to  be 
renewed  friquently,  in  periods  ranging  from  six  to  twelve  months. 

The  supply  main  from  the  lake  was  cleaned  out  in  18H5,  by  Mr.  H. 
C.  Burchell,  M.  Can.  Soc.  C.  E.,  during  Mr.  Martin's  absence  on  sick 
leave.     The  writer  is  very  pleased   to  state  that  Mr.  Burchell   will 
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shortly  give  to  the  Society  a  paper  on  this  very  interesting  piece  of 
■work.  The  pipes,  have  heen  cleaned  out  every  two  years  since  that 
date  (1885),  about  an  eighth  of  an  inch  of  rust  or  incrustation  forms 
in  that  time.  A  description  of  the  present  method  of  cleaning  the  pipes 
will  be  given  by  the  writer  as  an  addendum  to  Mr.  Burchell's  paper. 

The  position  of  many  of  the  lakes  is  remarkable,  being  on  the 
highest  points  of  the  water  shed.  Windsor  Lake  has  a  water  shed  to 
its  south  of  perhaps  eight  square  miles,  otherwise  it  is  at  the  highest 
point  of  land.  The  level  was  raised  9  feet  when  the  works  were  con- 
structed ;  the  top  of  the  intake  pipe  is  6  ft.  6  ins.  below  high  water, 
and  2  feet  9  ins.  below  low  water.  The  water  is  drawn  from  the  shal- 
lowest end.  Had  the  pipe  line  been  carried  up  the  valley  immediately 
to  the  north  of  its  present  line,  a  much  more  uniform  hydraulic  grade 
could  have  been  established,  and  water  drawn  where  the  lake  is  40  feet 
deep.  The  lands  immediately  surrounding  the  lake  are  nearly  all  con- 
trolled by  the  city,  which  now  owns  the  water-works. 

A  small  dam  of  rip-rap  encloses  an  area  of  about  half  an  acre,  and 
forms  a  settling  basin  in  which  the  intake  pipe  is  placed.  A  good 
deal  of  trouble  was  experienced  from  anchor  ice ;  but  this  has  been 
cleverly  overcome,  by  forming  a  number  of  telegraph  poles  into  an 
open  raft.  They  are  fastened  together  by  wire,  about  10  feet  apart, 
and  anchored  over  the  mouth  of  the  pipe  ;  the  ice  forms  quickly 
between  them,   and  prevents  the  formation  of  anchor  ice. 

The  annual  rainfall  for  the  past  six  years  is  about  49.15  ins.  per 
annum.  A  careful  record  of  water  level  since  the  commencement  has 
been  kept  by  the  superintendent,  who  kindly  permits  its  publication  in 
this  paper.  The  gradual  fall  in  the  lake  level  is  due  to  the  equaliza- 
tion of  the  discharging  capacities  of  the  supply  main. 

There  are  good  reasons  for  believing  the  lake  is  supplied  by  springs  : 
it  is  the  last  sheet  of  water  in  the  neighbourhood  to  freeze,  and  the  last 
to  thaw  out  in  spring. 

The  works  were  constructed  by  a  joint  stock  company  with  a  capital 
of  $400,000,  the  interest  of  which  was  guaranteed  by  the  Government, 
who  afterwards  purchased  the  works,  and  handed  them  over  to  the 
City,  bonding  the  cost  of  them  at  $423,800. 
The  estimated  revenue  is  $30,000  per  annum. 

SEWERAGE. 

The  natural  water  courses  which  intersected  the  city  became  in  course 
of  time  more  or  less  polluted  by  sewage.  Large  stone  drains  or  cul- 
verts, rectangular  in  section,  were  built  from  time  to  time  on  the  lines 
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of  the  water  courses,  consequently  they  are  crooked,  and  in  too  many 
instances  situated  on  private  property.  In  later  years  the  Government, 
through  its  Board  of  Works,  constructed  a  number  of  sewers,  varying 
from  12  to  24  ins.  in  diameter,  without  regard  to  any  systematic  plan. 
The  pollution  of  the  water  front  of  the  harbour  and  necessities  of  life 
demanded  a  better  arrangement.  Messrs.  Kinipple  and  Morris,  MM. 
Inst.  C.  E.  of  London,  were  again  consulted,  and  prepared  plans  for  a 
system  of  sewerage  on  the  combined  system.  They  proposed  to  collect 
the  sewerage  at  a  point  in  the  eastern  end  of  the  harbour,  and  either 
discharge  it  there  at  the  level  of  half  tide,  or  raise  it  by  pumping  to  a 
higher  level  and  discharge  it  into  the  open  sea.  They  strongly  recom- 
mended the  latter  course,  in  which  they  were  undoubtedly  correct. 
Two  outlets  were  proposed :  one  directly  into  the  open  ocean,  by  which 
plan  the  works  would  have  cost  £80,116  stg.  ($390,165)  ;  the  other  at 
the  entrance  to  the  harbour  at  a  rock  locally  known  as  the  "chain  " 
rock.  By  this  system  the  works  would  have  cost  £74,886  stg., 
($364,595).  Their  scheme  proposed  19  miles  of  sewers.  ^To  action 
appears  to  have  been  taken  on  this  report. 

Some  years  after,  in  1886,  Mr.  H.  C.  Burchell,  M.  Can.  Soc.  C.  E., 
the  Government  engineer,  was  instructed  to  report  on  the  sanitary  con- 
dition of  the  city,  which  was  followed  up  by  another  report  from  him 
in  February,  1887,  "  on  the  subject  of  improved  sewerage  for  the 
town  of  St.  John's."  Mr.  Burchell  went  over  the  ground  very  carefully, 
and  prepared  an  exhaustive  and  valuable  report,  in  which  he  differed 
materially  from  Messrs.  Kinipple  and  Morris,  and  recommended  the 
separate  system,  leaving  the  existing  sewers  for  storm  water  and 
surface  water  sewers.  He  selected  his  point  of  outfall  at  the  chain  rock. 
Under  his  proposal  there  were  about  14J  miles  of  sewers,  which  he 
estimated  to  cost  $205,875. 

In  March  of  1889,  the  City  consulted  Mr.  Kudolf  Hering,  M.  Can. 
Soc.  C.  E.,  who  prepared  the  scheme  which  is  now  being  carried  out.  He 
recommended  the  Rawlinson  system  of  small  sewers,  the  principles  of 
which  are  well  known  to  the  members  of  the  Society.  He  adopted  the 
chain  rock  as  the  permanent  outfall.  Under  his  directions,  the  City 
Engineer,  the  late  Mr.  C.  E.  Harvey,  has  worked  out  the  details  of  the 
system.  There  are  15^  miles  of  sewers  contemplated,  at  a  cost  of 
$272,183.  Mr.  Harvey  added  §75,000  for  improvement  of  old  sewers, 
culverts,  superintendence,  storage,  etc.,  otherwise  his  estimate  would 
not  differ  materially  from  Mr.  Burchell's. 

Copies  of  these  three  reports  can  be  found  in  the  library. 

The  intercepting  sewer  was  calculated  to  receive  as  much  roof  water 
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as  the  maximum  quantity  of  sewage,  which  was  assumed  at  12.5  cubic 
feet  per  second,  for  60,000  persons,  on  a  basis  of  75  gallons  per  head  per 
day. 

The  grades  are  steep  everywhere,  except  for  the  intercepting  sewer 
on  Water  street,  which  is  1  in  1000.  A  portion  of  this  sewer  (and  the 
most  difficult  portion),  the  outfall  and  the  portion  next  to  it,  are  now 
being  constructed.  About  2,000  feet  are  in  tunnel  work.  The  Huronian 
rocks  are  generally  very  hard,  and  form  a  good  roof  for  the  tunnel,  which 
will  dispense  with  the  need  of  arching  the  culvert,  except  in  a  few 
places  where  the  rock  is  much  shattered,  and  pockets  of  loose  earth 
are  encountered. 

A  good  many  lateral  sewers  have  been  laid,  which  are  temporarily 
connected  to  the  existing  surface  water  sewers.  As  the  construction  of 
the  Water  street  intercepting  sewer  is  completed,  the  several  lines  of 
branch  sewers  will  be  connected  to  it,  leaving  only  storm  water  to  escape 
into  the  harbour.  The  western  portion  of  the  city  lies  rather  low,  the 
intercepting  sewer  for  it  is  also  on  Water  street,  with  a  temporary  out- 
fall into  the  harbour.  It  is  intended  eventually  to  raise  this  by  pumps 
for  a  short  lift,  and  discharge  the  sewage  at  the  permanent  outfall. 

A  temporary  outfall  has  been  selected  at  the  eastern  end  of  the  har- 
bour. The  permanent  outfall  will  be  at  the  mouth  of  the  harbour,  at  the 
"  chain  rock  " ;  at  which  point  the  discharge  will  take  place  into  a 
strong  current  and  ensure  perfect  security.  The  outfall  sewer  will  be 
in  rock  tunnelling  for  its  entire  length,  and  discharge  6  inches  above 
low  water  mark  :   the  cost  is  estimated  at  $35,000. 

The  ordinary  range  of  tides  is  3  feet  6  inches,  extremes  tides  rise  to 
5  feet  3  inches. 

TUNNEL. 

The  tunnel  under  Water  street   is  2000  feet  long  ;  six  feet  high  by 

4  feet  wide,  and  6  inches  below  the  sole  plate  of  invert  block,  to  allow 

for  a  French  drain.     Being  the  first  work  of  its  kind,  a  good  deal  of 

experimental  work  had  to  be  carried  out  regarding  prices  and  mode  of 

construction.    The  work  was   all  hand  drifted,   and  was  let  in  short 

contracts  to  working  miners,  who  each  worked  from  a  shaft.     There 

are  six  shafts,  the  greatest  distance  between  any  two  being  400  ft.  and 

the  average  320  ft.    A  gre  it  deal  of  difficulty  was  experienced  from  want 

of  proper  ventilation,  which  was  eventually  effcted  by  placing  a  stove  at 

the  head  of  the  shaft,   and   leading  air  pipes  from  the  workings  to  it. 

Dynamite  was  used,  the  gases  from  which  polluted  the  air  in  the  drifts, 

acting  injuriously  on  the  workmen.     This  added  to  the  dripping  water 

and  damp  atmosphere  caused  several  deaths  among  the  workmen. 
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Id  addition  to  the  hard  and  irregular  formation  of  the  rock,  much 
trouble  was  met  with  from  shattered  roof  rock,  wet  seams  and  loose  earth. 

Two  surface  water  sewers  caved  in  and  one  water  pipe  burst,  flooding 
the  workings.  After  battling  for  a  considerable  time  with  the  water 
and  pumping  it,  the  eastern  portion  was  abandoned  and  filled  rapidly. 
This  work  was  attended  with  great  difficulties  during  construction, 
and  is  a  satisfactory  record  to  the  energy,  perseverance  and  engineering 
skill  of  the  late  Mr.  C.  Harvey. 

TRENCHING. 

In  digging  the  trenches,  benching  is  not  used.  The  earth  is  thrown  up 
at  once  from  the  bottom  of  the  trench,  when  it  does  not  exceed  9  or  10 
feet  deep,  by  long  handled  shovels — the  blade  is  smaller  and  sharper  in 
shape  than  the  ordinary  navvy  shovel.  The  men  acquire  great  skill  in 
handling  this  shovel ;  its  use  could  be  profitably  extended  westward. 

MATERIALS. 

The  City  supplies  all  the  materials  required,  as  recommended  by  Mr. 
Harvey  in  his  report ;  the  contractors  are  called  on  to  cut  and  fill  in 
trenches,  build  brick  work,  etc.     The  City  employs  its  own  pipe  layers. 

The  bricks  were  purchased  in  Boston,  as  there  were  no  home-made 
obtainable.  This  year  two  firms  have  manufactured  on  an  experimental 
scale  ;  there  is  good  clay  within  reasonable  shipping  distance.  Some  of 
the  home-made  bricks  were  first-rate,  well  shaped,  hard-burned  clinker 
brick,  quite  as  good  as  the  American  article. 

The  sewer  pipe  is  chiefly  Doulton's  make,  and  ranges  from  9  to  24 
inches.  There  are  two  qualities,  the  "  London  "  and  "  Liverpool '' 
Doulton.  The  first  is  a  hard  stoneware  substance,  with  light  yellow 
glaze,  which  so  far  has  proved  very  satisfactory,  cutting  more  easily  and 
regularly  than  the  other  qualities.  The  other  qualities  are  similar  to 
the  best  grade  of  Ohio  pipe.  Scotch  pipe  has  been  used  to  some  ex- 
tent, they  have  not  much  of  it  in  stock.  All  necessary  fittings,  such  as 
channels,  bends  for  manholes,  half  pipes,  gulleys,  junction  blocks,  are 
Doulton's  make.  The  invert  blocks  of  the  same  make  have  a  large 
radius;  the  chord  is  10  to  10|  inches,  ver.  sin.  2  to  1\  inches,  which 
makes  a  large  invert.  The  breakage  on  the  pipes  during  shipment  is 
very  great,  often  50  per  cent.,  which  adds  greatly  to  their  cost. 

The  cement  is  of  two  brands,  English  and  Alsen.  The  latter,  a  Ger- 
man brand  and  a  slow  setting  cement,  gives  great  satisfaction  and  makes 
excellent  work. 

Under  the  Board  of  Works  a  good  many  sewers  were  laid,  Scotch  pipe 
being  largely  used.     In  one   12   inch   sewer  which   had   been   laid  for 
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about  15  years,  on  a  very  steep  grade,  (1  in  8),  it  was  found  that  no 
wear  had  taken  place,  the  pipe  being  sound  and  hard,  and  almost 
as  good  as  when  laid.  The  large  sized  pipes,  18,  21  and  24  inclies, 
break  in  the  same  manner  as  those  described  in  Mr.  Rust's  paper,*  on 
the  axis  of  the  pipe,  at  the  crown  and  at  the  haunches. 

MANHOLES. 

The  manholes  are  circular,  4  feet  diameter  at  the  bottom,  tapering  to 
2  feet  at  the  top,  with  junctions  of  sewers  arranged  according  to 
"Rawliuson's  suggestions."     They  are  built  in  8  inch  brick  work. 

There  are  a  few  lampholes  and  inspection  tubes. 

Dirt  baskets  are  suspended  under  each  cover,  which  catch  a  large 
quantity  of  dirt. 

SEWER   INSPECTION. 

31  r.  Ryan,  the  sewer  inspector,  has  succeeded  in  constructing  an 
effective  light,  or  lamp,  for  inspecting  and  locating  junctions,with  which 
he  has  located  a  junction  at  68  feet  from  a  manhole,  in  a  9  inch  sewer. 
A  float  or  boat  of  the  radius  of  the  sewer,  and  nearly  half  its  diameter, 
carries  a  looking-glass  reflector  with  a  hood  over  it.  The  reflector  is 
placed  at  45°  to  the  axis  of  the  sewer,  at  a  convenient  distance  from  it 
the  light  is  placed.  By  fastening  it  on  a  pivot,  he  is  able  to  read  right 
and  left  hand  as  desired.  The  boat  is  pushed  up  the  sewer  by  means 
of  jointed  rods. 

Manholes  are  examined  weekly,  dirt  baskets  cleaned,  and  in  many 
cases  sewers  flushed  from  the  hydrants.  Automatic  flushing  cannot  be 
introduced,  as  there  is  scarcity  of  water  in  many  streets  newly  sewered. 

During  construction  a  careful  record  is  kept  of  the  depths  of  rock 
and  earth,  and  the  position  of  every  manhole  and  junction  for  private 
drain  connections  is  noted.  After  each  sewer  is  completed  a  plan  is 
prepared  shewing  the  positions  of  the  manholes  and  junctions,  and  on 
the  same  sheet  a  profile  is  plotted,  giving  the  depths  of  cutting  and 
depths  of  rock  and  earth  passed  through. 

Whenever  it  is  necessary  to  take  up  a  pipe,  either  from  its  being 
defective  or  to  put  in  a  junction  in  its  place,  instead  of  stripping  several 
pipes  and  trying  to  spring  them,  Mr.  Ryan  adopts  the  plan  of  cutting 
off  one  half  of  the  flange.  By  cutting  off  the  upper  part  of  one  flange 
or  socket  in  the  sewer,  he  can  raise  the  pipe  easily,  and  by  cutting  the 
lower  portion  of  the  socket  of  the  pipe  to  be  put  in,  he  is  able'to  replace 
a  pipe  without  disturbing  more  than  one  pipe.  The  pipe  is  turned 
round  and  the  broken  part  placed  upwards ;  the  defective  sockets  are 

*  Construction  of  Toronto  Sewers,  by  C.  H.  Rust,  Vol.  II,  page  302. 
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made  good  with  cement.  He  uses  fire  clay  instead  of  cement  in  such 
places,  and  under  water  has  found  it  to  set  and  become  effective  when 
cement  washed  out.  This  is  a  novelty  the  writer  has  not  met  with  in 
his  practice,  but  the  experience  in  St.  John's  has  proved  most  satis- 
factory. 

SEWER  VENTILATION. 

Although  this  forms  a  part  of  the  general  Kawlinson  system,  a  word 
of  explanation  will  be  advantageous  at  this  point  :  All  sewers  are  laid 
in  right  lines,  junctions  are  made  in  the  manholes  by  curved  channels 
formed  of  half  pipes  laid  in  cement.  At  all  changes  of  alignment  and 
grade,  manholes  in  most  cases  and  lamp  holes  in  a  few  are  placed. 
The  writer  tested  this  work  in  a  great  many  sewers,  aud  takes  pleasure 
in  bearing  testimony  to  the  excellent  way  the  sewers  have  been  laid. 
The  lamp  can  be  seen  clearly  from  manhole  to  manhole.  A  special 
feature  of  this  work  is  the  avoidance  of  "  dead  ends"  in  the  sewers. 
Allowances  are  made  in  every  manhole  for  connections  from  side  sewers 
to  cause  a  circulation  of  air.  This  is  the  first  sewerage  system  in  which 
the  writer  has  seen  this  excellent  idea  brought  into  practical  use. 

COST    OF    WORK. 

The  engineer's  department  has  not  had  the  advantage  of  experience 
gained  by  many  years  of  work ;  it  had  also  to  deal  with  a  hard  and 
troublesome  rock  to  blast.  Prices  of  work  done  compare  favourably 
with  Ontario.  Laborers  get  $1.00  per  day  ;  bricks  cost  $13.00  per  M. 
and  $t3.00  per  M.  to  lay  them  ;  bricklayers'  and  masons'  wages  are  $2.30 
per  day ;  cement  costs  $2.70  to  $3.00  per  bbl.  as  imported  by  the  Coun- 
cil. Pipe  is  much  the  same  as  Ohio  pipe  prices.  Contract  work:  earth 
trenching  50  to  60  cts.  per  cubic  yard  ;  rock,  from  $2.50  to  $2.60  per 
cubic  yard.  Day  time  :  earth  trenching  30  to  35  cts.  and  rock  $1.90 
to  $2.00  per  cubic  yard.  Tunnelling  costs  from  $7.50  to  $12.00  per 
cubic  yard,  including  timber  framing. 

ROADWAYS. 

The  roadways  are  all  macadamized,  the  surface  is  in  good  order, 
well  kept  up,  and  in  their  general  condition  the  streets  compare  favour- 
ably with  Canadian  streets.  Like  ali  macadamized  surfaces,  they  are 
muddy  ;  still,  the  writer  knows  many  western  cities  which  are  notorious 
for  muddy  streets. 

Water  channels  are  pitched  with  cobble  stone.  Kerbs  are  of  a  local 
slatey  rock,  1\  to  3  ins.  thick,  and  not  very  well  dressed.  The  pitching 
of  the  water  channels  is  well  done,  the  stones  are  uniform,  oval  and  well 
shapen. 
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Gulleys  are  of  the  old  Board  of  Works  pattern.  As  they  are  replaced, 
either  the  Doulton  gulley  or  proper  brick  ones  are  used.  It  is  neces- 
sary to  have  a  good  depth  under  the  trap,  to  catch  the  mud  and  debris. 
They  are  constantly  cleaned  out.  The  city  owns  a  ten  ton  Aveling  & 
Porter  steam  road  roller. 

SCAVENGING   AND   STREET    CLEANING. 

iN'o  systematic  arrangements  exist  for  sweeping  and  scraping  the  sur- 
face of  the  streets,  as  in  the  present  financial  condition  the  revenue  will 
not  permit  this  to  be  carried  out  on  a  large  scale.  The  scavenging  is  more 
directly  carried  out  in  the  narrow  steep  streets  and  lanes  which  form 
the  "  poor  "  part  of  the  city.  The  night  soil  is  collected  under  the 
"pail  system;  "  the  pails  are  put  out  after  10  o'clock  at  night  (22 
o'clock).  At  midnight,  the  carts  leave  the  stables  to  collect  night  soil, 
which  they  do  in  about  3J  hours  ;  the  horses  are  fed,  start  out  at  4.30  to 
collect  ashes,  which  takes  the  same  time ;  then  about  9  o'clock  the  carts 
again  go  out  to  collect  garbage  and  sweep  the  streets,  and  finish  about 
12  o'clock.  There  are  only  14  carts  for  night  soil  and  14  for  garbage 
and  14  horses,  which  are  hard  worked  under  existing  arrangements. 
The  carts  for  night  soil  are  of  iron,  semicircular,  hung  on  trunnions, 
and  self-tipping.  The  lid  is  held  down  by  clamps,  and  in  it  is  a  manhole 
for  emptying  the  pail.  The  carts  are  washed  out  at  the  stables  every 
day. 

The  system  of  scavenging  is  well  and  ably  managed  and  handled  by 
Mr.  Hughes,  the  inspector.  The  writer  devoutly  hopes  that  no  steps  may 
ever  be  taken  to  impair  the  efficiency  and  usefulness  of  this  department. 
It  is  worked  with  the  least  offence  to  the  citizens,  and  the  very  best 
results. 

The  night  soil  is  carted  to  the  adjoining  farm  lands,  where  it  is  cov 
ered  during  the  day  with  garbage  and  street  sweepings,  the  farmers j 
frequently  adding  earth  and  peat  bog  to  the  mixture.  There  is  a  good 
demand  for  this  material,  and  it  is  readily  disposed  of.  During! 
summer  it  is  put  on  lands  some  distance  from  the  main  roads,  and  so; 
far  the  work  has  been  carried  on  without  creating  a  nuisance.  The 
work  costs  about  $17,000  per  annum,  the  city  owning  the  whole  outfit 

FLUSHING  OF  SEWERS. 
It  is  a  part  of  the  sewerage  plan  to  have  flushing  tanks  introduced  a 
proper  points  on  all  the  sewers.  This  is  not  yet  practicable,  owing  to  th 
want  of  pressure  and  scarcity  of  water  in  the  higher  parts  of  the  citj 
where  much  sewerage  has  been  put  in.  All  sewers  are  examined  weekly 
and  flushed  from  the  fire  hydrants,  and  soon  a  system  will  be  at  worf 
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flushing  them  by  automatic  discharges  filled  from  the  waste  water  of 
the  public  fountains,  as  well  as  by  direct  supply  in  the  way  recommended 
by  Sir  .Robert  Rawlinson  and  Mr.  Hering  in  his  report. 

SANITARY    WORK. 

The  writer  desires  to  record  his  appreciation  of  the  excellent  sanitary 
arrangements  which  exist.  The  nature  of  the  subsoil  has  fortunately 
prevented  the  formation  and  use  of  privy  pits,  and  compelled  some  form 
of  removal  of  night  soil.  The  record  of  the  past  is  not  flattering  to  the 
manners  of  the  citizens,  but  since  the  present  regime  has  been  inaugur- 
ated a  great  change  for  the  better  has  taken  place.  The  sanitary 
department  has  had  to  deal  with  the  poorer  classes  who  have  not  the 
moans  to  introduce  water  and  sewerage  into  their  houses.  The  apart- 
ments which  serve  as  a  domicile  are  from  one  to  three  rooms,  there  is 
not  therefore  accommodation  for  a  closet.  The  custom  of  the  country 
differs  from  Canada  in  the  matter  of  house  heating,  the  principles  and 
practice  being  much  more  British  than  Canadian  ;  and  as  a  general 
rule,  houses  are  not  heated.  In  the  very  coldest  weather,  a  small  hall 
stove  or  "  heater  "  tempers  the  atmosphere  of  the  house,  but  so  far  as 
the  writer  can  learn,  can  hardly  be  said  to  heat  it.  If  this  condition 
exists  in  the  houses  of  the  upper  classes,  it  is  useless  to  expect  those  of 
the  lower  to  be  warmed;  therefore,  even  if  water  were  introduced  into 
their  houses,  it  would  certainly  freeze. 

The  writer  has  had  sufficient  experience  of  sanitary  work  in  Western 
cities  to  know  what  the  condition  of  drainage  in  cheap  houses  leads  to, 
the  troubles  caused  by  it,  and  the  dangers  to  which  inmates  are 
subjected.  In  St.  John's  he  finds  a  system  of  water  supply  from  public 
fountains  in  full  working  order,  the  people  accustomed  to  draw  from 
them,  and  suffering  no  inconvenience  from  the  arrangement ;  the  slops 
emptied  into  well-formed  and  graded  side  channels,  which  are  carefully 
swept  every  day,  and  in  numerous  streets  flushed  by  the  waste  water  of 
the  fountains ;  a  daily  collection  of  garbage,  and  a  nightly  one  of  night 
soil.  Here  everything  tends  to  internal  cleanliness  of  the  household, 
and  no  danger  of  dissemination  of  disease  from  sewage  gas  can  exist 
from  defective  plumbing  arrangements.  On  the  other  hand  there  is  a  cer- 
tainty that  if  sewers  were  led  into  these  houses,  and  any  plumbing  fix- 
tures, especially  water  closets,  introduced,  there  would  be  bad  joints, 
stoppages,  breakages  in  pipes,  and  resultant  outbreaks  of  zymotic  dis- 
eases. He  therefore  advised  the  Municipal  Council  to  give  frequent 
connections  to  the  sewers  by  means  of  gullies,  placed  so  as  not  to  inter- 
cept  surface  water,  for  carrying  away  household  water,  to  flush  the 
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sewers,  and  to  continue  the  use  and  daily  collection  of  night  soil  though 
the  "  pail  "  system. 

The  Board  of  Health,  a  body  similar  to  the  Provincial  Board  of 
Ontario  or  Quebec,  is  endowed  with  extraordinary  power,  which  it  does 
not  hesitate  to  use.  With  such  a  mentor  over  it.  the  Municipal  Coun- 
cil has  small  chance  to  relax  its  rules  and  regulations  regarding  the 
proper  preservation  of  the  public  health. 

The  city  has  plumbing  by-laws,  Vised  on  the  practice  of  large  Ameri- 
can and  Canadian  cities,  which  are  perhaps  too  exacting  for  its  present 
requirements.  It  will  not  be  practicable  to  put  fixtures  into  small 
houses  renting  under  $40  per  annum,  when  the  plumbing  by-law  calls 
for  self-flushing  cisterns  and  water-saving  appliances,  and  expensive  cast 
iron  soil  pipes  extending  through  the  roof  of  the  house.  One  certain 
result  of  these  cold  houses  will  be  frozen  pipes,  traps,  and  other  fixtures. 
To  put  in  deep  hoppers  with  the  trap  below  the  frost  line,  and  flush  them 
with  the  ordinary  rim  flush,  will  not  answer,  as  the  writer  knows  by 
experience.  He  favours  aud  has  suggested  making  a  trial  of  a  trough 
closet  in  a  proper  building  under  Municipal  control,  in  which  a 
self-acting  flushing  tank  would  discharge  at  short  intervals — these  closets 
to  be  common  to  a  range  of  two  or  three  houses,  having  compartments 
for  males  and  females,  and  close  by  them  he  would  place  yard  slop 
hoppers  for  the  use  of  every  two  houses.  By  careful  attention  to  these 
under  the  special  exigencies  of  the  city,  he  believes  a  successful  solution 
of  the  problem  will  be  arrived  at. 

APPENDIX  No.  I. 

Average  Rainfall  for  Eight  Years. 


1873 

1875 

1876 

1S79 

1880 

1884 

1887 

1888 

IMP. 

4.51 

■4.60 

2.86 

2.57 

•1 .  05 

2.16 
2.51 
2.92 
8.14 

8.75 

ins. 

4^67 
2.56 
3.05 
3.08 
3.56 
6.14 
3.48 
1.70 

ins. 
3.46 
2.34 
4.29 
1.67 
4.13 
1.19 
4.09 
7.47 
8.75 
4.19 
3.68 
2.99 

ins. 

4.74 
2.42 
3.84 
6.87 
4.33 
3.44 
3.96 
3.21 
2.70 
4.17 
4.22 
2.17 

ins. 
3.58 
6.14 
4.40 
3.20 
1.98 
6.65 
2.88 
1.97 
2.84 

3^23 
5.20 

11)8. 

5.03 
5.23 
5.84 
4.77 
7.71 
1.40 
6.87 
2.64 
2.19 
5.03 
5.44 
4.65 

ins. 
4.35 
1.90 
6.77 
4.96 
4.05 
1.01 
2.10 
3.75 
5.78 
4.42 
5.19 
4.81 

ins. 
7.72 

5.01 
3.78 

T   ^ 

3.41 
3.70 
3.90 

2.13 
4.43 
1.63 
10.00 
4.19 
2.73 

47.92 

28.24 

48.25 

'  .  ; 

42.07 

56.80 

49.09 

52.63 
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Greatest  Daily  Kaixkai.i., 


1872 

1875 

LSS4 

1885 

1887 

1888 

Ins. 

flrs. 

Ins. 

His. 

Ins. 

l7l7 
0.61 
0.86 

Mrs. 

13 

4 

10 

Ins. 
5782 

1.37 

Hrs- 
9 

In-. 

0T66 
2.40 
1.04 

Hrs- 

9 

24 

6 

Ins. 

Hrs 

1.48 
3.47 

1.63 

1.77 

1.22 
2.16 
3.71 

1.27 

2. 07 

12 
22 
13 

10 

1.03 
1.80 

1.30 

7 
10 

2 

1.64 
0.63 
2.26 
0.88 
0.88 

17 
6 

24 
5 
4 

1.76 
1.93 

1.49 

0.91 

12 
22 

24 

July 

0.76 

3 

0.57 

1.30 

Sepi  ember 

14 

8 

1   14 

12 
9 

26 

1.48 
1.27 

12 

i:. 

1.20 

2.78 

3 

1.56 
3.52 

^?l 

15 

... 
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Windsor  Lake.     Deptb  of  Water  over  Inlet  Pipe. 


Month. 

Thickness 
of  ice. 

Low  water  levels. 

Date. 

Date. 

Depth  on 

Depth  on 

inlet  pipe 
6  ft.     6  ins. 

waste  weir 

1862 

Fehr'y-  2 

29  ins. 

Sept.  1 

4  ins. 

Water  turned 

1863 

1 

30 

6           6 

4 

on    to     town 

1864 

3 

33 

6           6 

5 

16  June,  1862 

1865 

2 

28 

6          6 

6 

1866 

4 

34 

6          6 

4 

1867 

1 

29 

6           6 

5 

1368 

2 

32 

6          6 

6 

1869 

3 

29 

6           6 

6 

1870 

1 

33 

6           6 

5 

1871 

4 

29 

6           6 

6 

1872 

1 

30 

6          6 

5 

1873 

2 

32 

6           6 

5 

1874 

1 

33 

6           6 

6 

Water      sup- 

1875 

3 

30 

5           1 

plied  thro'  24 

1876 

1 

29 

5          6 

inch  pipe,  Mr. 

1877 

2 

32 

5           0 

Morris'  plan. 

1878 

1 

33 

5          2 

1879 

4 

33 

5           0 

1880 

1 

32 

5          4 

1881 

3 

31 

5           0 

1882 

[ 

34 

5           3 

1883 

2 

29 

5          6 

12    in.     pipe 

1884 

1 

30 

4           0 

added,       Mr. 

4 

29 

4          4 

Martin's  plan 

1886 

1 

30 

4          2 

1887 

2 

32 

4          0 

1888 

1 

34 

4          3 

1889 

5 

29 

3         10 

1890 

3 

34 

3           9 
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APPENDIX  No.  III. 

Cement  Tests  by  the  late  Mr.  C.  J.  Harvey. 


Neat  cement. 

Cemen 
Sand, 

t,  1  part. 
3  parts. 

Name  uf  brand- 

Age  in 

Tensile 

Age  in 

Tensile 

days. 

strength. 

days. 

strength. 

lbs. 

lbs. 

Alsen's  Portland. 

Average  of  4  samples. 

7 

416.5 

10 

7 

138 

10        " 

28 

460.3 

13 

28 

188.9 

English  Portland. 

(brand     not     known) 

Average  of  4  samples. 

7 

364.75 

6 

28 

123.66 

Tests  by  Mr.  Macdougall,  October,  1890. 
Alsen,  in    stock    abt. 


12  months 
Average  of  5  briquettes 
Whites,       in       stock 

12  months. 
Average  of  4  briquettes 
Whites,  this  year  stock 
Average  of  4  briquettes 


300 


188 


198 


APPENDIX  No.  IV. 

Cost  of  Sewers. 


-~>    00 

^    _ 

j    . 

Cost 

Name  of  Street. 

■ZA 

CUOJ 

bJQ"S 

Cost. 

per 

Nature  of  soil. 

s  g 

Q^ 

Hi 

foot 

Feavers  Lane 

9 

5 

186 

76 

90 

$0.41.1 

Hard  gravel  and  rock. 

6 

5  to  7 

200 

133 

63 

0.66.8 

a                 « 

9 

8  to  10 

638 

736 

68 

1.15.4 

it                a 

6 

4  to  7 

108 

51 

12    0.47.3 

a                       a 

Knight&CarewSts. 

9 

5  to  9 

902 

704 

22 

0.78 

Gravel 

Water  Street  West.. 

15  &  18 

6  to  11 

260     416 

77 

1.60 

Hard  gravel  and  rock. 

Lazy  bank  Road .... 

9 

5  to  10 

1425  11596 

4(i 

1.12 

Gower  Street  East. . 

9 

7  to  9 

134  !  228 

63 

1.70 

12 

5  to  7 

491   j  550 

86 

1.12 

9&6 

7  to  9 

420      464 

39 

1.10.5 

Hard  gravel. 

9 

5  to  10 

788 

633 

69 

0.80.4 

"       "    and  rock. 

Plymouth  Road..  . . 

9 

6  to  9 

303 

244 

60 

0.80.4 

"       "    and  boulder. 

White  Cat  Hill.... 

9 

5  to  6 

135 

82 

90 

0.61.4 

Hard  gravel- 

Sanitary  Stables.  . . 

6 

6 

117 

46 

65 

0.39.8 

Gravel. 

9 

6 

20 

11 

20 

0.56 

Gravel  and  rock. 

9 

8  to  9 

882 

1319 

■11 

1.49.6 

Hard  gravel  and  rock. 

9 

8  to  9 

719 

900 

55 

1.25 

((                       c< 

Monkstown  Road . . 

12 

5  to  9 

1290* 

1440 

97 

1.11.7 

U                               It 

Fleming  Street  .... 

9 

7  to  9 

421 

467 

36 

1.11 

a                  K 

9 

7  to  9 

486 

411 

75 

1.05.5 

(c                   tt 

William  Street 

9 

1\  to  10 

793 

942 

7s 

1.18.8 

it                  tt 

Monkstown  on  Hall. 

12 

4  toll 

1176 

996 

2( 

84.2 

Gravel. 

DISCUSSION. 
Mr.  Walbauk  said,  beinsi'  a  native  of  St.  John's,  Newfoundland,  he  had  W.  McLea 

Walbank. 

felt  no  little  interest  in  learning  that  Mr.  Macdougall  proposed  reading  a 
paper  on  the  sewerage  and  waterworks  of  that  city. 

The  speaker  said  he  would  pass  over  the  historical  and  geographicaj 
portion  of  the  paper,  and  proceed  at  once  to  the  technical  portion.  It 
was  to  be  regretted  that  Mr.  Macdougall  did  not  furnish  a  plan  of  the 
town  of  St.  John's,  as  without  that  it  is  almost  impossible  for  others 
than  those  personally  acquainted  with  its  physical  features  to  follow 
the  paper. 

In  reference  to  the  water  supply,  Mr.  Macdougall  unfortunately  has 
only  treated  the  subject  in  a  cursory  manner,  referring  more  to  ex- 
isting defects  than  showing  us  any  novelties,  if  any  there  be,  in  the 
system  as  laid  down.  It  must  strike  even  the  unsophisticated  that 
there  is  something  radically  wrong  in  a  system  of  water-works  showiD»- 
a  daily  consumption  of  five  million  gallons  for  a  population  of  thirty 
thousand  people,  equivalent  to  about  3,470  gallons  per  minute,  which 
has  to  be  carried  through  a  16  inch  pipe,  which  means  a  velocity  of 
about  153  feet  per  minute,  entailing  an  immense  loss  by  friction. 

The  author  tells  us  that  there  is  a  dearth  of  water  in  the  higher 
levels,  and  that  he  has  made  an  examination  of  the  cause  thereof,  and  finds 
in  1890  practically  the  same  cause  as  was  found  by  Kinipple  and  Morris 
in  1873.  The  author  has  recommended  certain  ameliorations  which 
he  hopes  will  remedy  the  defects  :  but,  unfortunately,  he  has  not  given 
us  what  his  recommendations  were.  The  speaker  does  not  agree  with 
Mr.  Macdougall  regarding  the  introduction  of  the  latest  modern  im- 
provements. He  can  see  no  reason  why  they  can  not  be  as  well 
introduced  into  the  houses,  even  of  the  poorer  classes,  with  perfect  safe- 
ty. It  certainly  is  not  necessary  that  the  poor  of  Newfoundland  should 
be  deprived  of  modern  sanitary  conveniences  because  they  cannot  afford 
to  have  their  houses  heated  by  furnaces.  The  speaker  knows  of  houses 
in  St.  John's,  N.  F.,  that  are  heated  only  from  hall  stoves,  and  yet  pos- 
sess all  modern  sanitary  improvements;  besides  this  it  must  be  remem- 
bered, that  although  a  foreigner  may  feel  the  cold  more  in  Newfoundland 
than  in  Canada,  yet  the  thermometer  never  falls  so  low  there  as  here, 
and  even  if  the  argument  of  house  heating  held  good,  few  houses  in 
Canada  possess  the  modern  improvements  referred  to. 
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SEWERAGE. 

The  want  of  a  plan  is  much  felt  in  order  to  follow  intelligently  Mr. 
Macdougall's  paper.  The  speaker  said  he  must  admit  that  he  was  dis- 
appointed that  the  paper  appears  more  in  the  form  of  a  health  officer's 
report  than  that  of  a  paper  on  the  sewerage  of  St.  John's.  This  is  to  be 
regretted,  as  he  knew  of  no  town  offering  better  advantages  for  a  discus- 
sion  on  any  system  of  sewerage.  It  is  not  of  much  interest  to  the  readers 
whether  the  navvies  threw  up  the  earth  with  long-handled  shovels  with 
a  smaller  blade  or  used  the  ordinary  type,  or  whether  the  town  had 
much  pipe  in  stock  or  not ;  but  it  would  be  decidedly  interesting  to 
have  had  a  complete  report  with  working  plans  of  the  system  of  sew- 
ers at  present  under  construction,  with  the  arguments  in  favor  thereof. 
The  contour  of  the  town  is  rather  peculiar,  and  presents  many  difficul- 
ties in  the  way  of  sewerage.  The  general  fall  is  to  the  west,  while  the 
outfall  lies  to  the  east.  If  the  question  of  utilization  of  sewerage  for 
agricultural  purposes  be  set  aside,  rapid  disposal  should  be  the  next 
consideration  ;  and  taking  it  for  granted  that  it  is  not  the  wish  of  the 
inhabitants  to  have  their  harbour  converted  into  an  elongated  cesspool, 
an  outlet  into  the  Atlantic  naturally  presents  itself  as  the  most  desir- 
able method  of  disposing  of  the  sewerage.  Many  schemes  have 
at  various  times  been  proposed  to  effect  this  object,  the  two  principal 
ones  having  their  outlet  at  "  Chain  Rock  "  and  "  Quidividi."  The 
speaker  thought  that  a  combination  of  the  two  might  serve  the  best  inter- 
est of  the  town.  He  took  it,  however,  from  Mr.  Macdougall's  paper 
that  the  "  Chain  Rock  "  outlet  has  been  chosen.  He  disagrees  with 
Mr.  Macdougall  when  he  says  at  this  point  the  discharge  will  take 
place  in  a  strong  current,  and  ensure  perfect  safety.  Pilots  differ  as  to 
the  strength  of  the  tidal  stream,  but  all  agree  that  it  is  greatly  influ- 
enced by  the  wind,  and  undoubtedly  the  larger  portion  of  sewerage  thus 
discharged  will  move  in  and  out  as  the  surface  of  the  water  takes  it. 
except  that  portion  the  specific  gravity  of  which  would  cause  it  to  sink 
to  the  bottom.  With  an  east  wind,  the  floating  sewerage  would  be  car- 
ried up  the  harbour,  and  in  certain  seasons  of  the  year,  especially  the 
spring,  this  is  the  prevailing  wind  from  six  to  eight  weeks  at  a  time. 
The"  Quidividi  "  outlet,  while  possessing  some  objections,  has  very 
many  advantages.  It  would  discharge  the  sewage  straight  to  sea.  It 
would  provide  for  the  drainage  of  the  future  growth  of  the  town,  pos- 
•  sfew  engineering  difficulties,  and  the  outlet  is  more  sheltered  from 
the  effects  of  ice  and  sea. 
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SCAVENGING  AND  STREET  CLEANING. 

In  one  portion  of  his  paper,  the  author  states  that  no  systematic 
arrangement  exists  for  sweeping  and  scraping  the  streets,  and  in  another 
place,  he  states  that  at  9  o'clock  the  carts  go  out  to  collect  the  garbage 
and  sweep  the  streets,  and  finish  at  12  o'clock,  proving  a  systematic  if 
not  a  perfect  arrangement.  The  speaker  cannot  see  wherein  St.  John's 
ses  any  excellent  sanitary  arrangements,  as,  judging  from  Mr. 
Macdougall's  paper,  it  would  not  be  pleasant,  to  say  the  least  of  it,  to 
walk  through  the  streets  of  St.  John's  after  10  o'clock,  when  the  pails 
are  out.  Mr.  Macdougall  says  the  record  of  the  past  is  not  flattering 
to  the  manners  of  the  citizens,  but  at  the  same  time  he  devoutly  hopes 
that  no  steps  may  ever  be  takeu  to  impair  the  efficiency  of  this  depart- 
ment. It  is  worked  with  the  least  offence  to  the  citizens,  and  with  the 
very  best  results.  The  speaker  said  he  trusted  for  his  part  that  the 
usefulness  of  the  pails  would  soon  be  over. 


CORRESPONDENCE . 

Mr.  j.  Butler.  Mr.  Butler  referring  to  the  author's  statement  that  "  the  quality  of 
the  water  is  good,  soft,  pure,  potable  water,  well  adapted  to  culinary 
and  dietetic  purposes.  It  is  rather  hard  on  steam  boilers,  pitting  the 
shells  and  tubes  severely." 

Said  that  it  would  seem  a  contradiction  of  terms  to  include  soft  water 
and  the  corrosion  of  boilers  in  the  same  description.  What  is  the 
chemical  composition  of  the  water  ? 

Ponds  and  small  lakes  on  summits  are  found  in  various  parts  of 
Ontario.  There  is  one  at  Grlenora  in  Prince  Edward  county,  175  feet 
above  Lake  Ontario,  and  being  1,000  feet  from  the  shore,  the  water  be- 
ing very  deep.  Another  on  the  Oak  Hills  near  Stirling.  Another  in  the 
Thunder  Bay  district,  in  the  vicinity  of  Fort  William.  As  the  water- 
shed in  the  three  instances  is  small,  the  source  of  supply  is  undoubtedly 
subterranean. 

It  seems  to  the  writer  that  the  city  of  St.  John's  in  semi-arctic 
Newfoundland  has  shown  a  spirit  of  energy  and  enterprise  that  will 
bear  favourable  comparison  with  more  favoured  localities. 

The  table  of  cement  tests  shows  for  the  Alsen's  Portland  an  average 
of  a  good  well-balanced  cement. 

The  tests  of  White's  Portland  seem  to  indicate  that  a  poor  lot  had 
been  received. 

Portland  cement  is  now  being  manufactured  in  Canada. 

The  Rathbun  Co.'s  "  Star  "  Portland  cement  is  of  the  following  com- 
position :  — 

Calcium  oxide 58.06 

Silica 25.72 

Alumina 7.09 

Ferric  oxide 3.73 


94.10 


When  taken  freshly  from  the  stones,  still  warm,  and  made  into  briquettes, 
and  broken  on  a  Fairbanks'  standard  testing  machine,  show,  at  the  end 
of  40  days,  570  pounds  tensile  strength.  An  English  company  is  also 
erecting  a  cement  factory  for  the  manufacture  of  Portland  cement  near 
Marlbank.  Another  company  is  erecting  works  in  the  vicinity  of 
Kingston. 
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Mr.  Macdougall,  in  reply,  said  that  it  was  not  possible,  without  Mr  Macdougaii 
entailing  a  larger  expenditure  than  he  could  afford,  to  present  a  plan  of 
the  sewerage  system.  Mr.  W.  McLea  Walbank's  remarks  show  he  did 
not  read  the  paper  carefully.  For  purposes  of  his  discussion  he  could 
have  found  Mr.  Hering's  and  other  reports  in  the  library.  Without  a 
large  map  any  discussion  of  outlet  would  have  been  useless. 

As  to  the  quality  of  the  water,  it  is  undoubtedly  soft,  as  soft  as  the 
Ottawa  Eiver  water,  yet  it  has  corrosive  action  on  boilers.  This  can 
be  found  in  several  streams  in  the  North  West  Territory,  where  water 
coming  from  the  glaciers  is  contaminated  by  alkali  from  the  plains,  be- 
ing brought  in  by  the  coulees  and  small  streams,  and  makes  a  perfectly 
soft  water  with  alkali  action  on  boilers. 


Thursday,  24th  April. 
J.  KENNEDY,  Vice-President,  in  the  chair. 
Paper  No,  52. 

MINING  IN  BRITISH  COLUMBIA. 

By  Thos.  Dkummond,  B.A.Sc., 
A.M.Can.Soc.C.E. 

Before  the  discovery  of  gold  in  British  Columbia,  or  what  afterwards 
became  known  as  that  province,  it  was  a  comparatively  unknown 
country,  under  the  control  and  government  of  the  Hudson's  Bay  Com- 
pany, whose  interests  were  bound  up  in  the  fur  trade,  and  in  that  alone. 
In  1849,  the  Company's  headquarters  were  removed  from  Fort  Van- 
couver, on  the  Columbia  River,  to  Fort  Victoria,  on  Vancouver  Island, 
which  had  been  established  in  1843.  In  1851,  James  Douglas  was 
made  Governor  of  the  Colony,  vesting  in  his  person  the  authority  both 
of  the  Hudson's  Bay  Company  and  the  Colonial  Government.  In  1856, 
Vancouver  Island  was  divided  into  four  electoral  districts,  and  sevea 
members  were  elected.  At  this  time  the  united  white  population  of 
the  island  was  about  300.  After  the  discovery  of  gold  on  the  main- 
land in  1857,  and  the  consequent  rush  to  the  new  country,  Douglas  wag 
forced,  by  the  increased  responsibility  of  government  caused  by  the  con- 
flicting interests  of  the  fur  traders  and  gold  miners,  to  resign  his  position 
as  head  of  the  Hudson's  Bay  Company,  which  he  did  in  1859.  In  the 
same  year  the  Imperial  Government  re-purchased  the  exclusive  right  of 
the  Hudson's  Bay  Company  to  trade,  and  the  Company,  as  a  monopoly, 
ceased  to  exist  on  the  Pacific  Coast.  In  1858,  the  Colony  of  British 
Columbia  was  r-reated,  and  Douglas  became  its  first  governor. 

The  discovery  of  gold  then  marks  a  new  era  in  the  history  of  the 
country,  and  though  the  stirring  events  of  that  time  are  now  things  of 
the  past,  still  they  are  not  without  interest,  for  with  them  began  the 
real  history  of  the  province,  which,  from  being  a  country  comparatively 
unknown,  was  raised  to  the  dignity  of  being  one  of  the  great  gold- 
producing  centres  of  the  world. 
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People  by  the  thousands  and  tens  of  thousands  rushed  to  its  shore, 
and  in  their  search  for  the  precious  metal  also  discovered  the  capabili- 
ties of  the  country ;  so  that,  after  the  gold  excitement,  many  settled  down, 
and  formed,  so  to  speak,  the  nucleus  of  the  future  growth  and  prosperity 
of  the  province. 

In  the  first  part  of  this  paper,  then,  the  author  proposes  to  give  a 
history  of  the  more  important  discoveries  of  gold,  and  the  dates  at  which 
they  occurred,  and  also  a  short  description  of  the  methods  adopted  in 
separating  the  gold  from  the  alluvial  washings  in  which  it  is  found. 

Before  going  on  with  the  paper,  it  is  right,  to  state  that,  in  the 
absence  of  actual  statistics,  the  subject  matter  of  this  paper  has  been 
obtained  from  the  most  reliable  sources  available.  In  many  cases  from 
personal  observations,  and,  where  this  was  impossible,  from  miners  and 
others  who  actually  worked  at  the  places  to  be  mentioned  later  on — 
men  to  whom  the  author  is  greatly  indebted  for  information,  and  whom 
he  knew  personally  to  be  little  given  to  exaggeration.  Statements  were 
verified  by  comparisons  when  possible,  and  different  authorities  who  bad 
written  upon  the  subject  were  also  consulted,  such  as  Dr.  Selwyn,  Dr. 
Geo.  Dawson,  and  other  members  of  the  Geological  Survey  of  Canada, 
Bancroft's  History  of  British  Columbia,  Sessional  Papers  and  Reports 
of  the  Provincial  Government,  J.  W.  McKay,  and  many  others  ;  so  that, 
though  the  information  and  figures  given  are  not  in  the  nature  of  actual 
statistics,  still  they  are  near  approximations  of  these  taken  from  the 
most  reliable  sources.  This  is  mentioned  because  reliable  information 
upon  this  subject  is  difficult  to  obtain,  and  were  all  statements  accepted 
this  would  read  more  like  fairy  land  than  what  the  author  wishes  it  to  be  : 
a  sober  history  of  events  which  have  occurred  in  the  history  of  British 
Columbia,  and  which  there  is  every  reason  to  suppose  will  be  repeated  in 
the  near  future  in  a  more  permanent  form  when  the  discoveries  in 
quartz,  even  those  already  made,  have  been  sufficiently  developed  to 
shew  their  value. 

For  convenience,  the  subject  has  been  divided  into 

(1)  Placer  Mining. 

(2)  Vein  Mining. 

The  first  authentic  discovery  of  gold  in  British  Columbia,  or  what 
afterwards  became  part  of  that  province,  was  at  Gold,  or  Mitchell's 
Harbour,  on  Queen  Charlotte's  Island,  in  1851.  The  discovery  was  in 
the  form  of  a  nugget  weighing  about  five  ounces,  found  on  the  seashore 
by  an  Indian,  who  sold  it  to  the  Hudson's  Bay  Company.  A  vessel 
was  shortly  afterwards  sent  out  by  the  latter  to  examine  the  locality, 
resulting  in  the  discovery  of  a  small  vein  of  quartz  containing  gold,  from 
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which  it  is  estimated  that  ore  to  the  value  of  $20,000  was  obtained  by 
the  Hudson's  Bay  Company  and  other  adventurers.  The  deposit  then 
proving  limited,  it  was  abandoned.  About  the  same  time,  or  a  little 
earlier,  Mr.  McKay  also  found  colours  of  gold  at  various  places  on  Van- 
couver Island,  between  Victoria  and  Nanaimo,  when  exploring  for 
land. 

Hudson's  Bay  Company's  Journals  also  state  that  in  1852,  Indians 
brought  samples  of  gold  from  the  Skeena  River.  Gr.  B.  McCiellan's 
party  also  discovered  gold  on  the  Similkameen  River  in  1853,  when 
engaged  on  exploratory  surveys  for  the  Northern  Pacific  Railway. 

Gold  was  also  discovered  at  Pend  d'Oreille  by  Colville  men  in  1854 
or  1855,  and  worked  with  success,  and  the  finding  of  gold  in  British 
Columbia  was  a  direct  result  of  this  discovery,  for  Indians  from  the 
Thompson  River,  visiting  their  friends  near  Walla  Walla,  stated  that 
gold  like  that  was  found  in  their  country.  Accordingly,  some  French 
Canadians  and  Indians  crossed  over  and  discovered  paying  placers  in 
the  vicinity  of  Nicoamen,  on  the  Thompson  River,  in  the  fall  of  1857. 
The  news  spread  and  caused  the  Fraser  River  excitement  of  1858. 
California  was  at  this  time  filled  with  a  mining  population,  attracted 
there  by  the  gold  excitement  of  1848  and  1849,  and  when  the  authentic 
discovery  of  gold  on  the  Fraser  River  became  known,  a  perfect  rush  was 
made  for  the  new  El  Dorado.  From  thirty  to  thirty-five  thousand  people 
are  said  to  have  come  into  the  province  early  in  1858. 

Many  of  these  became  discouraged  and  turned  back,  but  those,  how- 
ever, who  did  reach  the  Fraser  River,  pushed  their  way  onward  and 
found  gold  in  paying  quantities  on  the  bars  and  tributaries,  from  the 
mouth  of  Harrison  River  up  both  the  Thompson  and  Fraser  Rivers  as 
far  as  the  season  of  1858  would  allow  them  to  go.  Some  of  the  more 
important  of  these  bars  were  as  follows  : — Maria,  Hudson,  Cornish, 
American,  Union,  Cameron,  Emory,  Texas,  Hills,  Sailor,  Wellington, 
Spuzzum,  Chapman,  Nicaragua,  Boston,  Yankee,  Mariner's,  Lytton, 
Mormon,  Foster,  Lillooet,  French,  Robinson,  Upper  Mormon,  British, 
Ferguson,  and  Long  Bars. 

Of  these,  Hills  Bar,  just  below  the  town  of  Yale,  may  be  taken  as 
an  example  of  the  richest.  It  is  reported  to  have  produced  $1,000,000 
worth  of  gold  during  the  excitement,  from  an  area  of  less  than  half  a 
square  mile,  and  from  a  report  of  the  Minister  of  Mines  in  1875,  it  is 
credited  with  having  produced  up  to  that  time  $2,000,000.  On 
this  bar  four  men  washed  $4,000  in  six  days.  Ned  iMcGowan,  of  his- 
torical fame,  took  out  $33,000  in  three  months.  It  is  also  said 
that  the  present  site  of  the  town  of  Yale  with  the  flat  opposite  would 
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yield  a  large  amount  of  jiold  if  worked  by  hydraulic  power,  and  I 
understand  that  a  company  is  now  being  formed  with  that  object  in 
view.  The  gold  in  the  bars  especially  below  Yule  was  fine,  and  in  shal- 
low ground,  and  at  first  they  were  only  mined  a  little  below  the  surface 
of  the  river,  and  in  the  most  primitive  manner  with  pick,  shovel,  rocker 
and  pan,  and  yielded,  when  worked  even  in  this  way,  large  returns  of 
gold.  Between  Yale  aud  Hope  one  rocker  yielded  $830  in  eight  days, 
another  $800  in  twelve  days,  and  a  third  8248  in  five  days,  and  at 
Yale  150  rockers  gave  in  one  day  723  ounces.  Sailor  Bar  is  said  to 
have  averaged  one  ounce  a  day  per  man,  and  two  to  five  ounces  was  quite 
common.  As  the  surface  of  the  bars  was  washed  out,  wing  damming 
was  resorted  to,  where  possible,  to  reach  deeper  ground.  Many  flumes 
and  ditches  were  also  built  to  carry  water  to  the  beuches  along  the  river  ; 
they  varied  in  length  from  one  to  fourteen  miles,  and  cost  many  thousands 
of  dollars.  Water  wheels  were  also  built,  one  below  Cornish  Bar  being 
30  feet  in  diameter. 

These  pioneers  and  prospectors  had  many  difficulties  to  overcome  in 
making  their  way  up  to  the  new  diggings.  At  first  there  were  no 
steamers  to  the  mouth  of  the  Fraser,  and  afterwards  when  there  were, 
a  great  many  were  unable  to  pay  their  way,  so  they  went  from  Victoria 
to  the  mainland  in  canoes  and  small  craft  built  by  themselves,  and 
many  were  lost  in  the  dangerous  tide  rips  aud  currents  of  the  coast. 
Early  in  1858,  it  was  found  that  the  Fraser  Biver  was  navigable  as 
far  as  Yale,  which  became  the  distributing  point  for  the  upper  country. 
Beyond  this,  the  country  was  rough,  mountainous  and  comparatively 
unknown,  aud  travelling  by  land  and  water  was  hard  and  laborious  work. 
Supplies  were  scarce  and  difficult  to  transport,  and  the  Indians  for  a 
time  were  hostile.  Is  it  strange  then  that  many  became  discouraged 
and  turned  back  ?  The  wonderful  thing  is,  that  so  many  succeeded 
in  forcing  their  way  onward  through  so  many  difficulties  and  dangers. 

In  the  fall  of  1859,  rich  diggings  were  discovered  on  Quesnelle  River. 
and  this  stopped  the  onward  march  for  a  time. 

Iu  1860,  Keithley  Creek  was  di.-covered,  and  this  marks  a  renewed 
era  of  prosperity  in  mining,  for  with  it  was  discovered  the  famous 
Cariboo  District,  one  of  the  richest  placer  mining  centres  ever  found. 

In  the  winter  of  1860  and  1861,  miners  discovered  Antler  Creek. 
They  tried  to  get  a  grant  of  this  stream  from  Governor  Douglas  in  Vic- 
toria, but  it  was  refused.  The  news  became  known  and  caused  a  second 
influx  of  miners,  this  time  to  the  Cariboo  District .  During  the  same 
year  (1861)  William's,  Grouse,  Lightning,  Jack  of  Clubs,  Lowhee  and 
other  creeks    which  have  since  become  famous,  were  discovered.      Of 
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these,  William's,  Grouse,  and  Lightning  were  the  richest.  These  creeks 
with  their  tributaries  yielded,  up  to  the  end  of  1861,  some  $2,000,000. 
William's  Creek  was  discovered  by  William  Dietz,  better  known  as 
Dutch  Bill.  He  located  in  the  canon,  and  his  claim,  though  the  Dis- 
covery, turned  out  to  be  one  of  the  poorest  on  the  creek.  Other  owners 
located  ground  along  the  creek  about  the  same  time.  The  ground  was 
supposed  to  be  shallow,  the  yield  of  gold  was  poor,  and  the  creek  was 
known  for  a  time  as  Humbug  Creek.  The  first  run  of  gold  was  found 
in  shallow  ground  over  a  stratum  of  blue  clay.  To  test  below  this,  Abbott 
&  Co.  sunk  a  hole  4x7  feet  and  took  out  57  ounces  of  gold,  and  the 
other  companies  soon  followed  their  example.  Deep  ground  was  located 
in  an  old  channel  behind  the  cafion  and  also  below  it  by  Black  Jake, 
Barker,  Cameron,  and  others,  and  Barkersville,  Cameron  Town,  and 
Richfield  were  started.  Starting  at  the  head  of  the  stream  and  going 
downwards,  some  of  the  claims  were  as  follows : — 

Steele  &  Co.,  Lillooet  Co., 

Point  Claim,  Forest  Rose, 

Abbott  &  Co.,  Cameron  &  Co., 

12  Foot  Davis,  Tinker  Co., 

Adams  &  Wilson,  Raby  &  Co., 

Casto  &  Co.,  Caledonia  Co., 

Dutch  Bill,  Grizzlie  Co., 

Diller  &  Co.,  Never  Sweat  Co., 

Canadian  Co.,  Ballarat  Co., 

Welsh  Co.,  Prince  of  Wales, 

Wake  Up  Jake  Co.,  Sheepshead, 

Cariboo  Co.,  Coonskin, 
Aurora,  — and  others. 

As  may  be  seen  from  the  following  examples,  William's  Creek  was 
immensely  rich.  Diller  is  said  to  have  taken  out  202  lbs.  of  gold  in 
one  day,  with  only  two  men  drifting  :  this  represents  about  $38,784. 
Steele  &  Co.'s  claim  yielded  on  two  consecutive  days  387  and  409 
ounces  of  gold,  and  iu  two  months,  $105,000.  The  Cunningham  claim 
averaged  125  ounces  of  goid  for  the  season  of  1862,  aud  on  several 
occasions  gave  600  ounces,  or  50  lbs.  a  day.  The  Adams  claim  yielded 
each  of  its  three  owners,  $40,000.  The  Caledonia  gave  for  a  time 
$5,000  to  $6,000  a  day,  and  the  Cameron  and  Tinker  were  not  far 
behind. 

The  Raby,  in  one  day,  yielded  310  ounces  of  gold  as  witnessed  by 
Milton  &  Cheadle.     The  Point  Claim  yielded   $90,000  in  dividends. 
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The  Wattie  claim,  $85,000.  The  12  foot  Davis,  a  gore  between  two 
other  claims,  $25,000.  Diller  took  out  $100,000.  Cariboo  Cameron, 
$160,000.  In  1863,  three  claims  below  the  canon  produced  $300,000, 
and  20  claims  were  steadily  producing  from  70  to  400  ounces  per  day. 
In  the  Aurora  one  pan  of  picked  dirt  is  said  to  have  yielded  387  ounces, 
and  $600  to  $900  to  the  pan  was  obtained  on  several  occasions.  The 
Erricson  claim,  according  to  Victoria  Colonist,  produced  for  seven  con- 
secutive weeks,  between  June  17th  and  July  29th,  1864,  as  follows: — 
900,  640,  1,400,  1,926,  1,256,  1,300,  and  2,600  ounces.  Two  miles 
of  creek  is  said  to  have  averaged  $1,000  to  the  running  foot,  and 
that  this  is  within  possibilities  may  be  seen  from  the  following  state- 
ment:— 

Adams'     Claim 100  feet $  120,000 

Steele  "     80     "  120.000 

Diller  "     50     "  240,000 

Cunningham  "     500     "  270,000 

Burns  "     80     "   140,000 

Canadian  "      120     "   180,000 

Never  Sweat  "      120     "  100,000 

Moffat  "     50      "  90,000 

Tinker  «     140     "   120,000 

Watty  "     100     "  130,000 


1,310  $1,510,000 

— or  say  $1,127  per  running  foot  of  creek. 

Next  in  importance  and  richness  was  Lightning  Creek,  also  discovered 
in  1861.  For  a  time  the  annual  yield  is  said  to  have  been  larger  than 
on  William's  Creek,  but  it  was  not  so  lasting. 

In  1861  the  Campbell  &  Whitehall  adjacent  claims  yielded  $200,000, 
and  Campbell  is  said  to  have  taken  out  1700  ounees  of  gold  in  3  days 
as  follows  : — 1st,  900  ounces  ;  2nd,  500  ounces  ;  3rd,  300  ounces.  In  1870 
the  deep  channel  was  bottomed,  leading  to  the  subsequent  discoveries. 
At  one  time  the  Butcher,  Aurora  and  Caledonia  claims  yielded  re- 
spectively as  follows: — Batcher,  350  ounces  per  day;  Aurora,  300-600 
ounces  per  day  ;  Caledonia,  300  ounces  per  day.  The  old  channel  was 
worked  for  a  di>tance  of  16,000  feet,  and  is  said  to  have  yielded  $300.00 
to  the  running  foot.  The  following  statement,  taken  from  the  report  of 
the  Minister  of  Mines  for  1875,  showing  tlie  yield  of  some  of  the  more 
important  claims,  will  give  some  idea  of  the  amount  produced  by  this 
Creek : — 
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Campbell  &  Whitehall $200,000.00 

Dutch  &Seegel 130,000.00 

Dunbar 30,001). (Ml 

Lightning 153,962.00 

Discovery  &  Butcher 120,000.00 

South  Wales 141,531.00 

Spruce 99,908.00 

Point 136,625.00 

Van  Winkle 363,983.00 

Victoria 451,642.00 

Vancouver  274,190.01) 

Vulcan 56,955.00 

Co.^tello 20,476.00 

A  statement  obtained  by  the  author  from  miners,  and  supposed  to  give 
the  total  yield,  is  also  given.  The  figures  are  much  larger,  and  are 
perhaps  exaggerated,  though  given  for  a  later  period  than  the  above  : — 

Van  Winkle $600,000.00 

Victoria 600,000.00 

Vancouver 300,000.00 

Point  Claim...- 180,000.00 

South  Wales 200,000.00 

Lightning 220,(00.00 

Butcher  Bench , 250,000.00 

Dunbar  Flat 150,000.00 


$2,500,000.00 


Grouse  Creek  was  also  very  rich.  Mr.  Heron,  the  discoverer  of  the 
famous  Heron  lead,  says  that  his  company  took  out  from  100  to  400 
ounces  per  day,  and  made  $300,000.00.  The  old  channel  was  followed 
for  about  a  mile,  giving  immense  yields,  and  was  then  lost. 

Antler  Creek  also  yielded  a  large  amount  of  gold,  both  from  the 
benches  and  gulches,  and  also  from  the  bed  of  the  stream.  The  gold 
was  taken  from  shallow  ground,  as  the  stream  was  never  bottomed.  One 
company  made  $83,000.00  in  3  weeks.  The  creek  yielded  $10,000.00 
a  day  for  some  time  in  1861,  and  some  spots  are  said  to  have  yielded  as 
much  as  $1,000.00  to  the  square  foot.  Besides  these,  there  were  Jack 
of  Clubs  and  Lowhee  Creeks,  and  all  the  tributaries,  gulches  and 
ravines  of  the  above  streams,  which,  though  not  so  rich,  yielded  in  the 
aggregate  a  large    amount  of   money  and    many  independent  fortunes. 
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Some  of  these  were  as  follows: — Van  Winkle,  Chisholin,  Last  Chance, 
Davis,  Anderson,  Harvey,  Cunningham,  Cedar  &  Mc Arthur's  Creeks, 
and  numerous  gulches,  ravines  and  valleys. 

These  deep  placers,  however,  were  expensive  to  open  before  any  return 
was  obtained,  and  the  actual  working  expenses  were  also  heavy. 
The  Van  Winkle  mine  cost  $40,000.00  to  open  before  the  channel  was 
reached ;  it  yielded  a  large  amount  of  gold  afterwards,  however,  3  con- 
secutive weekly  clean  ups  being  as  follows  :  $15,700.00,  $14,000.00  and 
$12,000.00.  Cunningham  Claim  cost  $100,000.00  to  open  work,  and 
yielded  $500,000.00.  The  California  Claim,  about  the  same  cost  and 
yield,  also  the  Tontine.  The  Black  Jack  cost  about  $50,000.00  to  open 
and  work,  and  yielded  $200,000.00.  In  Baby  &  Co.'s  claim  the  pay 
roll  for  2  weeks  is  said  to  have  amounted  to  $12,000.00.  Mr.  Heron, 
the  discoverer  of  the  famous  Heron  Lead  on  Grouse  Creek,  says  that 
their  weekly  pay  roll  amounted  to  from  $1,200.00  to  $2,300.00.  The 
great  expense  of  working  can  easily  be  accounted  for.  The  pay  dirt  was 
deep,  all  the  way  from  30-90  feet,  large  pumps  were  required  to  keep  the 
water  down,  often  long  bed  rock  ditches  for  discharging  water  were 
required,  and  expensive  timbering  was  also  necessary. 

The  timber,  which  was  massive,  cost  8c.  per  running  foot,  and  lagging 
$7  a  hundred  pieces.  The  District  was  also  far  removed  from  any 
civilized  centre,  and  provisions,  supplies  and  transport  were  expensive, 
as  may  be  seen  from  the  following  statement,  which  may  be  taken  as  an 
example  of  the  highest  prices  paid  at  Cariboo  at  any  time. 

Flour $1.50  per  pound 

Bacon 1.50         " 

Tea  and  Coffee 3.00         " 

Sugar 1.50         " 

Beef  (fresh) 0.60         " 

Beans 0.75         " 

Nails 0.75         " 

Boards 0.25  per  foot 

Gum  boots $30.00  to  $50.00  a  pair 

1  spool  thread $0.50 

1  clay  pipe $0.50 

1  needle $0.50  to  $1.00 

Wages  per  man  per  day $10.00  to  $16.00 

Packing   from  :Quesnelle  Mouth  to  William's  Creek  by  man  power 
co-t  from  $0.85  to  $1.00  per  lb. 

Exorbitant  freight  rates  consequent  upon  the  inadequate  preparations 
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for  the  great  rush  were  the  causes.  "  It  is  not  the  first  cost  of  the  goods," 
said  a  trader  to  a  miner,  when  selling  him  a  darning  needle  for  a  dollar; 
"  it  is  not  the  first  cost  of  the  goods,  mine  friend,  it  is  the  freight." 

The  distance  to  Cariboo  via  Harrison  River  was  520  miles.  Lillooet 
was  the  headquarters  for  the  pack  trains,  which  were  inadequate  to 
accommodate  the  great  numbers,  who,  therefore,  had  to  resort  to  all  kinds 
of  devices,  packing  on  the  back,  with  dogs  and  with  oxen.  Mr.  Cannel, 
who  is  well  and  favourably  known  at  Kamloops,  told  me  that  he  bought 
an  ox  at  Lillooet,  which  was  the  first  pack  animal  to  go  into  William's 
Creek,  where  it  was  killed,  dressing  some  900  lbs.,  and  sold  for  60c.  per 
lb.  Camels  were  also  imported  for  packing  purposes,  one  of  which  was 
still  alive,  and  to  be  seen  not  far  from  Kamloops  in  1887.  The  wagon 
road  to  Cariboo  was  finished  in  1865.  Stages  were  run,  carrying 
passengers,  mail  and  express,  and  easier  access  and  cheaper  supplies 
were  the  result. 

The  telegraph  line  was  also  bought  by  the  Provincial  Government 
about  the  same  time.  This  telegraph  line  is  famous,  for  it  formed  part 
of  the  line  built  by  the  Western  Union  Telegraph  Co.,  which  was  to 
have  crossed  at  Behring's  Strait,  and  which  was  rendered  useless  as  a 
transcontinental  line  by  the  successful  laying  of  the  Atlantic  Cable. 

A  somewhat  detailed  description  of  the  Cariboo  District  has  been  given 
because  it  was  the  most  important  of  the  British  Columbia  discoveries,  and 
it  gives,  at  the  same  time,  a  good  example  of  typical  life  at  a  successful 
mining  camp.  As  might  be  expected,  lawless  characters  congregated, 
and  gambling  and  kindred  vices  were  prevalent.  A  Spanish  packer,  being 
asked  if  the  Cariboo  diggings'were  rich,  answered  tbat  he  had  doubted  it 
till  he  saw  $27,000.00  gambled  away  in  one  sitting  by  three  miners. 
But  wise,  just  and  capable  men  were  in  charge,  and  not  a  single  case  of 
murder  is  said  to  have  occurred  in  Cariboo,  which  is  an  agreeable  contrast 
to  the  scenes  enacted  at  the  mining  camps  in  the  neighbouring  Repub- 
lic. Chief  Justice  Begbie  was  a  terror  to  evil-doers,  to  whom  sure  and 
speedy  punishment  was  administered.  Crime  became  comparatively 
unknown,  and  fire  arms  were  practically  discarded.  This  is  all  the 
more  surprising,  when  we  consider  that  the  yield  of  gold  was  measured, 
not  by  the  ounce,  but  by  the  pound  ;  it  became  so  plentiful  that  it  was 
troublesome  to  guard,  and  miners  returned  ragged  and  rough,  with  so 
much  gold  that  men  and  mules  had  to  be  engaged  to  transport  it. 
According  to  Macfie's  estimate  of  those  who  went  to  Cariboo  in  1861 
one-third  made  independent  fortunes,  one-third  made  several  thousand 
dollars  ,  and  one-third  returned  unsuccessful. 

During  the  Cariboo  excitement,  mining  camps  of  less  importance 
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wen'  almost  depopulated,  and  were  only  worked  during  later  years 
when  the  Cariboo  excitement  had  subsided.  Among  these  were  Tran- 
quille  Creek,  Louis  Creek,  Jamison  Creek,  Barriere  River,  Adams 
Biver  and  Lake,  Deadman  River,  Nicola  River,  Scotch  Creek,  and, 
in  fact,  nearly  all  the  streams  running  into  the  Thompson  River  in  the 
vicinity  of  Kamloops.  They  were  discovered  principally  in  1858 
and  1859,  and,  in  many  cases,  have  been  worked  almost  without  inter- 
mission ever  since,  principally  by  Chinese. 

ROCK    CREEK    AND   SIMILKAMEEN   DISTRICT. 

Discovered  in  1859  and  1860,  and  mined  to  some  extent  at  that  time 
and  then  abandoned  for  Cariboo. 

Between  1882  and  1888,  mining  was  renewed,  and  many  new  dis- 
coveries made.  The  principal  streams  worked  up  to  date  are  as 
follows : — 

Similkameen  River,  Cedar'Creek, 

South  Fork,  Similkameen  River,  Slate  Creek, 

Whip  Saw  Creek,  Bear  Creek, 

Nine  Mile  Creek,  Rock  Creek, 

Tulimeen  River,  Boundary  Creek, 

Granite  Creek,  Mission  Creek, 

Collins'  Gulch,  Cherry  Creek. 

This  district  yielded  between  1885  and  1888,  $553,500,  out  of 
which  Grauite  Creek  produced  $383,000.  The  latter  creek  was  dis- 
covered in  1885,  and  caused  quite  an  excitement  for  a  time. 

Cherry  Creek  also  yielded  well,  and  has  been  worked  almost  without 
intermission  ever  since  ;  in  later  years,  principally  by  Chinese.  The 
author  saw  a  piece  of  ground  in  this  stream  which  had  been  worked 
over  three  times  in  seven  years,  and  was  then,  according  to  Chinamen 
working  there,  yielding  from  $3  to  $5  a  day  per  man. 

EAST   AND    WEST    KOOTENAY    DISTRICT. 

First  discovered  in  1863.     In  1865,  1.000  miners  at  work,  getting 
from  one  to  three  ounces  a  day  per  man.     The  yield  between  1871  and 
1888,  after  the  more  successful  days,  was  $582,878.     This  also  includes 
returns  from  the  Big  Bend  country. 
The  principal  streams  were  : 

Wild  Horse  Creek,  Toby  Creek, 

Bull  River,  Cafion  Creek, 

Findlay  Creek,  Quartz  Creek, 

Dutch  Creek,  Perry  Creek. 
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Tin-  streams  wore  discovered  at  various  times  between  1863  and 
1888.  Wild  Horse  Creek  produced,  between  1878  and  1888, 
$255,780. 

BIG    BEND    DISTRICT. 

The  principal  streams  mined  were  as  follows  : — 

French  Creek,  Carnes'  Creek, 

McCulloch's  Creek,  Smith's  Creek, 

Downie  Creek,  Fernie  Creek. 

It  was  discovered  in  1865,  and  the  principal  miuing  was  carried  on 
in  1866,  and  in  that  year  French  and  McCulloch's  Creek  each  pro- 
duced about  $100,000,  and  four,  six,  and  twelve  ounces  per  day  per 
man  was  not  uncommon.     One  nugget  worth  $253.00  was  found. 

OMENICA    REGION. 

Discovered  in  1869.     The  principal  streams  were  : 

Vital  Creek,  Lost  Creek, 

Silver  Creek,  Black  Jack  Gulch, 

Omenica  River,  Finlay  River, 

Grermanson  Creek,  Bars  on  Peace  River. 
Man  sen  Creek, 

This  district  produced  between  1874  and  1888,  $350,000.  This 
does  not  include  the  first  and  more  prolific  years,  the  yield  of  which  is 
unknown. 

CASSIAR   DISTRICT. 

The  Stikeen  River  was  first  discovered  in  1861  and  worked  for  a 
time,  but  not  with  great  success. 

Cassiar  proper  was  discovered  by  Thibert  and  McCulloch,  who  came 
overland  from  the  Red  River  country.  The  district  yielded,  between 
1873  and  1888,  about  $5,200,000.     The  principal  streams  were  : 

Dease  Creek,  Walker's  Creek, 

Thibert  Creek,  Snow  Creek, 

McDames'  Creek,  Quartz  Creek, 

First  North  Fork  of  McDames'  Creek. 

Miners  went  to  Cassiar  by  ocean  steamer  from  Victoria  to  Fort 
Wrangell,  at  the  mouth  of  Stikeen  ;  then  up  the  latter  river  for  a  distance 
of  150  miles  to  Glenora  Landing  by  river  steamers.  Then  across  an 
80  mile  portage  to  Dease  Lake,  where  a  small  steamer  had  been  built. 
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The  Stikeeu  River  runs  within  three  miles  of  Dease  Lake;  but  it  is 
not  navigable  on  account  of  the  great  canon  of  the  Stikeen,  about  90 
miles  long. 

A  trail  was  cut  from  Quesnelle  Mouth  to  Dease  Lake,  a  distance  of 
about  425  miles.  During  the  first  year,  freight  across  the  8  '  mile 
portage  was  50  cents  per  pound,  and  poor  pack-horses  cost  $250  each. 

YUKON    DISTRICT. 

Though  this  is  beyond  the  boundary  of  British  Columbia,  it  has 
been  included  here  because  its  discovery  is  due  to  a  great  extent  to 
the  miners  from  Cassiar. 

The  principal  streams  are: 

Sayyea  Creek,  Ross  River, 

Finlaysou  River,  Stewart  River, 

L  >wes  River,  Forty  Mile  Creek, 

Big  Salmon  River,  Sixty  Mile  Creek. 
Upper  Pelly  River, 

Rich  diggings  have  been  discovered,  but,  owing  to  the  remoteness 
of  the  district,  difficulty  of  obtaining  supplies,  and  shortness  of  the 
season,  it  has  not  been  worked  to  a  great  extent  as  yet. 

SKEENA  RIVER  AND  STREAMS  OF  THE  COAST  RANGE. 

These  include  : 

Skeena  River,  Lome  Creek, 

Seymour  Creek,  Bones  Gulch, 

Prospect  Creek,  Douglas  Creek. 

Lome  Creek  was  the  best,  and  produced  as  follows  : — In  1884, 
$17,000;  1885,118.000;  and  in  1886,  $12,000. 

VANCOUVER    ISLAND. 

Leech  River,  Nanaimo  River, 

Sooke  River,  San  Juan  River, 

Jordan  River,  Cowachin  River, 

were  the  principal  streams ;  of  these,  Leech  River  is  said  to  have 
produced  $150,000,  and  Jordan  River  about  $35,000. 

A  tabular  statement  from  Mineral  Wealth  of  British  Columbia, 
shewing  the  total  estimated  yield  of  gold  between  1858  and  1888,  is 
as  follows  : — 
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GOLD   PRODUCTION- 


Table  shewing  the  actually  known  and  estimated  yield  of  gold,  the 
number  of  miners  employed,  and  the  average  earnings  per  man, 
per  year,  from  1858  to  1888,  in  the  Province  of  British  Columbia. 


1858 
(partial  return 

1859... 
1860... 
1861... 
1862... 
1863... 
1864... 
1865... 
1866.., 
1867... 
1868... 
1869  .. 
1870.., 
1871.., 
1872... 
1873... 
1874... 
1875... 
1876... 
1877... 
1878... 
1879... 
1880... 
1881... 
1882... 
1883... 
1884... 
1885.., 
1886... 
1887... 
1**8... 
1889... 
1890... 


,1 


Amount  actu- 
ally known  to 
have  been  ex- 
ported by 
Banks,  &c 


543,000 

1,211,304 

1,671,410 

1,999,589 

1,992,677 

2,935,172 

2,801,888 

2,618,404 

1,996,580 

1,860,651 

1,779,729 

1,331,234 

1,002.717 

1,349,580 

1,208,229 

979,312 

1,383,464 

1,856,178 

1,339,986 

1,206,136 

1,062,670 

1,075,049 

844,856 

872,281 

795,071 

661,877 

613,304 

594,782 

753,043 

578,924 

513,943 

490,769 

412,029 


Amount  added 

to  represent  gold 

carried  an  ay  in 

private  hands. 


l-3rd  403,768 
"  557,122 
«  666,529 
«  664,226 
"  978,391 
"  933,962 
«  872.801 
"  665,526 
"  620,217 
"  593,243 
"  443,744 
"  334,239 
«  449,860 
'<  402,743 
«  326,437 
"  461,154 
"  618,726 
"  446,662 
"       402,045 

l-5th   212,534 

"       215,009 

"       168,971 

«       174,456 

"       159,014 

"       132,375 

"       122,861 

"       118,956 

"       150,608 

"       115,785 

102,788 

98,154 

82,406 


Number  !  Average 


T..tal. 


*705,000 

1,615,072 

2,228,543 

2,666,118 

2,656,903 

3,913,563 

3,735,850 

3,491,205 

2,662,106 

2,480,868 

2,372,972 

1,774,978 

1,336,956 

1,799,440 

1,610,972 

1,305,749 

1,844,618 

2,474,904 

1,786,648 

1,608,182 

1,275,204 

1,290,058 

1,013,827 

1,046,737 

954,085 

794,252 

736,165 

713,738 

903,651 

693,709 

616,731 

588,923 

494,436 


of  Miners 
employed 


3,000 

4,000 
4,400 
4,200 
4,100 
4,400 
4,400 
4,294 
2,982 
3,044 
2,390 
2,369 
2,348 
2,450 
2,400 
2,300 
2,868 
2,024 
2,282 
1,960 
1,883 
2,124 
1,955 
1,898 
1,738 
1,965 
1,85s 
2,902 
3,147 
+2,342 
2,007 
1,929 
1,342 


yearly 

earnings 

per  man. 


235 

403 
506 
634 
648 
889 
849 
813 
893 
814 
992 
749 
569 
734 
671 
567 
643 
1,222 
783 
820 
677 
607 
518 
551 
548 
404 
396 
246 
287 
296 
307 
330 
423 


Total  known  and  estimated  yield  of  gold,  1858  to  1890..  55.-192,163 

Average  number  of  miners  employed  yearly 2,706 

Average  earnings  per  man  per  year 607 

This  does  not  include  yield  of  Silver  from  Quartz. 

Mines  in  1889-90  amounting  to $122,000.00 

*  Waddington's  estimate. 

t  Exclusive  of  a  number  of  men  working  on  or  prospecting  for  quartz. 
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From  it,  the  total  yield  of  gold  is  $55,192,163.  Assuming  that  the 
average  value  of  the  gold  was  $16.75  per  ounce,  this  gives  3,295,055 
ounces,  or  274,600  lbs.,  and,  taking  the  specific  gravity  of  the  gold  as 
being  16,  a  cubic  foot  weighs  1,000  lbs.  This  gives  274.6  cubic  feet, 
or  it  may  be  represented  by  a  solid  pyramid,  with  a  square  base,  whose 
sidts  are  six  feet  and  height  23  feet. 

Of  this  amount,  Cariboo  is  credited  with  producing  about  one-half. 
According  to  this  statement,  the  average  earnings  per  man,  per  year, 
for  thirty-three  years,  was  $607.  Another  average  is  from  1.200  miners, 
who  crossed  the  bridge  at  the  mouth  of  the  Quesnelle  early  in  1861. 
Twenty  soon  returned,  discouraged  ;  the  remainder  returned  in  the 
fall,  bringing  down  as  their  season's  earnings,  $1,500,000 — or  say,  an 
average  of  $1,272  each. 

From  the  foregoing  you  may,  perhaps,  imagine  that  placer  mining- 
has  ceased  in  this  province ;  this,  however,  is  not  the  case — it  has  cer- 
tainly fallen  off  from  the  yields  in  the  palmy  days,  but,  as  may  be 
seen  from  the  statement,  it  still  produces  annually  nearly  $800,000 
worth  of  gold. 

The  shallow  placers  are,  of  course,  practically  exhausted ;  but,  with 
better  roads,  cheaper  supplies,  improved  machinery,  and  the  method  of 
working  by  hydraulic  power,  the  miner  still  obtains  a  good  return  for 
his  labours,  and  will  for  many  a  year. 

There  is  little  doubt,  also,  that  during  the  course  of  the  next  few 
years  much  of  the  deep  ground  in  the  Big  Bend,  Kootenay;  Similka- 
nieen,  Cassiar,  Cariboo,  and  other  districts,  which,  from  its  remoteness, 
was  abandoned  during  the  early  days,  will  be  tested  and  yield  rich 
returns. 

It  is  quite  in  the  region  of  possibilities  that  new  and  rich  placers 
may  be  discovered.  The  district  between  the  head  waters  of  the 
North  Thompson  and  Cariboo  is  looked  upon  as  being  one  of  great 
promise. 

Dr.  Geo.  Dawson,  and  other  authorities  of  the  Geological  Survey, 
also  consider  that  it  is  quite  possible,  if  not  likely,  that  rich  placers 
may  be  discovered  belonging  to  older  formations  and  periods  than  those 
which  have  been  worked.  Such,  for  instance,  as  the  extensive  gravels 
of  the  Middle  Tertiary,  which  were  afterwards  covered  by  basalts 
and  other  igneous  rocks,  and  there  is  reason  to  suppose  that  the 
modern  placers  have  been  considerably  enriched  by  the  robbing  of 
these  old  gravels.  Still  older  conglomerates,  as  far  back  as  those  of 
the  Carboniferous,  have  been  successfully  worked  in  several  countries. 
These  considerations  are  not  merely  of  a  theoretical  nature,  but  are 
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warranted  by  experience  gained  in  California  and  other  localities  in 
the  United  States,  in  Australia,  in  New  Zealand,  and  in  Nova  Scotia. 

This  part  of  the  paper  has  been  treated  more  in  detail  than  was  first 
intended,  but  it  deserves  attention  because,  as  far  as  the  author  is 
aware,  it  is  not  geuerally  known  that  the  Province  of  British  Columbia 
has  and  still  is  producing  gold  in  such  quantities  \  and,  in  view  of  the 
discoveries  of  quartz  within  the  past  few  years,  it  is  only  fair  that 
attention  should  be  directed  to  this  point. 

Before  going  on  with  the  paper,  it  is,  perhaps,  not  out  of  place  to 
say  a  few  words  regarding  the  origin  of  the  gold  in  the  sand  and 
gravel. 

One  theory  is  that,  through  the  action  of  organic  acids  and  alka- 
lies, the  gold  is  brought  into  a  state  of  solution,  and  in  this  condition 
is  carried  by  streams  to  other  localities,  where  it  is  re-precipitated  in 
the  form  of  nuggets  by  organic  matter,  such  as  fragments  of  coal,  etc. 
In  a  geological  sense,  then,  gold  may  be,  and  probably  is,  largely  dis- 
tributed in  this  way.  The  usual  theory,  however,  is  that,  through  the 
agency  of  air,  frost,  etc.,  pre-existing  vein  matter  and  rocks  containing 
the  gold  became  decomposed  and  destroyed,  and  the  indestructible 
gold  is  then  deposited  in  a  concentrated  form  in  the  various  localities, 
where  it  has  been  found  by  the  following  agencies: 

(1)   The  present  system  of  water  courses. 

2)  Older  systems  of  water  courses,  following  the  same  general 
directions  as  the  present  systems,  and  in  many  places  coinciding  with 
the  latter. 

(3)  Still  older  water  systems. 

(4)  By  the  action  of  glaciers. 

By  these  agencies,  then,  the  gold  is  deposited  with  varying  richness 
in  many  localities.  In  the  beds  of  modern  streams,  in  the  older  chan- 
nels, on  benches,  in  gulches,  valleys,  and  ravines  ;  sometimes  near  the 
surface,  but  often  deeply  buried  under  barren  soil  or  igneous  rock. 
B.'ing  found  under  so  many  varying  circumstances,  much  must  be  left 
to  the  ingenuity  of  the  miner.  The  general  principles,  however,  for 
working  are  about  as  follows : — 

METHODS    OF    WORKING   PLACER   MINES. 

The  following  tools,  appliances,  and  requisites  are  used  in  one  form 
or  another  in  placer  mining,  though,  in  individual  cases,  all  may  not 
be  required.  A  plentiful  supply  of  water,  picks,  shovels,  axes,  drills, 
hammers,  crowbars,  wheel-barrows,  hoisting  bucket,  rope,  nails,  magnet 
blow-pipe,  cross-cut  saw,  whip  saw,  small  car,  miners'  pan,  cradle, 
quicksilver,  pumps,  derricks,  water-wheels,  sluices,  wing  dams,  etc. 
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Most  of  the  above  appliances  are  in  such  general  use  that  a  descrip- 
tion is  unnecessary ;  with  the  following,  however,  it  is  not  out  of  place  : — 

The  Miner's  Pan  is  made  of  pressed  sheet  iron,  is  circular  in  form, 
about  9^  inches  in  diameter  on  the  bottom,  16  inches  on  the  top.  and 
8  inches  deep.  It  is  used  for  separating  the  gold  from  the  gravel  by 
a  sort  of  circular  motion,  given  to  it  in  water,  the  pan  at  the  same 
time  being  held  in  a  sloping  position.  By  this  means  the  lighter  sand 
and  gravel  drops  over  the  lower  side,  while  the  black  sand  and  gold 
remains  behind.  The  remainder  is  then  dried  on  a  shovel  or  fry-pan 
in  the  fire,  and  the  black  magnetic  sand  is  then  removed  with  the  blow- 
pipe and  magnet.  The  pan  is  also  used  for  cleaning  concentrate-  from 
sluices  and  cradle,  and  also  for  washing  gold  amalgam  where  mercury 
is  used.     It  is  especially  useful  as  a  prospecting  tool. 

The  Cradle  or  Rocker  is  also  of  more  importance  as  a  prospecting 
tool.  It  is  a  rough  wooden  box,  say  40  inches  long,  20  inches  wide, 
and  20  inches  deep.  On  the  bottom  it  is  fitted  with  rockers  like  a 
baby's  cradle,  and  it  is  slightly  inclined,  say  two  to  four  inches.  At 
the  upper  end,  and  on  the  top,  is  a  hopper,  or  coarse  sieve,  into  which 
the  gravel  is  thrown.  The  finer  portion  of  the  latter  passes  through  and 
falls  into  the  apron  usually  made  of  blanket.  On  the  bottom,  below 
the  apron,  riffles  are  placed,  and  the  lower  end  is  left  open.  The  dirt 
is  shovelled  into  the  hopper,  water  is  poured  in  with  one  hand,  while 
the  rocking  motion  is  given  with  the  other  hand.  The  fine  dirt  and 
gold  passes  through,  some  of  the  gold  is  caught  in  the  nap  of  the 
blanket,  the  balance  on  the  riffles,  while  the  water  and  waste  dirt  runs 
out  at  the  lower  end.  The  following  is  a  sketch  shewing  a  section  of 
the  rocker. 


Hop 
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A  Puddling  Box  is  sometimes  used,  especially  if  there  be  much  clay. 
It  »is  a  box  of  any  size,  and  has  an  auger  hole  about  four  inches  from 
the  bottom.  The  auger  hole  is  plugged,  the  clay  put  in  and  puddled 
with  plenty  of  water.  The  water  and  suspended  clay  is  then  run  off 
through  the  hole,  leaving  the  black  sand  and  gold  as  before. 

The  Wing  Dam  is  to  turn  the  water  from  the  claim.  It  starts  at 
the  head,  runs  in  a  slanting  direction  across  the  stream  till  about  one- 
half  is  taken  in,  and  then  runs  straight  down  for  the  remaining  distance. 
The  whole  is  weighted  with  heavy  stones  to  keep  it  in  place,  and  filled 
with  soil  and  gravel  to  make  it  water-tight.  It  is  built  of  timber. 
The  space  behind  the  dam  is  then  worked  down  to  bed  rock,  and  the 
dam  is  finally  changed  over  to  the  other  side,  which  is  worked  in  the 
same  way. 

The  Water-  Wheel  is  used  for  hoisting  purposes  and  for  pumping 
water.  In  shallow  places  it  is  an  undershot  wheel,  projecting  over  the 
side  of  the  dam  into  the  water,  and  running  the  pump  which  is  attached 
to  it  on  the  inner  side. 

The  sluice  boxes  are  made  from  boards  which  are  generally  sawn  by 
the  miners  themselves  with  the  whip  saw.  The  planks  are  usually 
12  feet  long  and  1  to  2  inches  thick.  These  are  formed  into  boxes  16 
to  20  inches  wide  and  12  inches  deep  for  ordinary  placers,  and  larger 
for  more  extensive  workings.  They  are  made  a  little  narrower  at  one 
end  so  as  to  fit  into  each  other,  and  soon  become  water-tight.  These 
boxes  are  then  set  in  strings  supported  on  trestles,  and  are  given  an  in- 
clination of  from  2  to  10  inches  per  box  of  12  feet,  depending  upon  the 
character  of  the  gravel  and  gold,  and  the  available  grade  which  can  be 
given  them. 

The  boxes  are  provided  with  riffles  of  various  forms  to  catch  the  gold, 
which  is  generally  coarse  ;  quicksilver  is  therefore  not  much  used. 
Where  fine,  both  cpiicksilver  in  the  crude  state  and  amalgamated  plates 
are  used. 

Placer  mining  may  be  divided  into  the  mining  of 

(1)  Shallow  placers. 

(2)  Deep  placers. 

Shallow  placers  are  such  as  are  opened  from  the  surface,  the  whole 
of  the  dirt  being  washed  down  to  bed  rock,  the  latter  being  not  more 
than,  say,  12  feet  deep.  They  include  the  shallow  beds  of  permanent 
streams  and  dry  gulches,  ravines  and  valleys  carrying  water  only  during 
part  of  the  season,  or  perhaps  carrying  none  at  all.  They  may  thus  be 
subdivided  into 

(«)  Wet  diggings. 
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(6)  Dry  diggings. 

Deep  placers,  on  the  other  hand,  are  such  mines  as  are  opened  from 
bcueath,  or  both  from  beneath  and  above  as  in  the  case  of  hydraulic 
mining.  The  pay  dirt  is  deeply  buried  under  barren  soil  so  that  it 
would  not  pay  to  remove  the  latter,  and  mines  are  therefore  opened  by 
shafts,  tunnels  and  bed  rock  flumes,  which  require  to  be  heavily  and 
securely  timbered.  Mining  of  this  description  may  also  be  classified 
under  two  heads,  viz. :  — 

(«)  Deep  placer  mining  by  hand. 
(b)  Hydraulic  mining. 

Let  us  first  take  a  case  of  shallow  placer  mining  under  class  (a)  or 
wet  diggings. 

Fig.   1  represents  a  cross  section  of  the  stream,  say  50  feet  wide, 

showing  the  surface  of 
the  water,  the  gravel 
beneath,  the  bed  rock, 
the  steep  banks  of  the 
stream  with  benches  on 
either  side. 

A  plan  would  be  something  like  the  following,  in  which,  as  is  usually 
the  case,  the  claim  is  100  feet  Ions;. 


The  boundaries  having  been  staked  out,  the  wing  dam  is  first  put  in 
and  is  either  closed  across  at  the  lower  end  of  the  claim,  or,  as  is  usually 
the  case,  carried  on  far  enough  to  keep  the  claim  clear  of  water.  The 
water  wheel  and  pump  are  then  put  into  position,  the  wheel  projecting 
over  the  side  of  the  dam  into  the  water,  the  axle  of  which  actuates  the 
pump,  which  in  this  class  of  mining  is  usually  of  a  primitive  character, 
consisting  of  a  wooden  box  through  which  a  series  of  canvas  buckets 
are  carried  on  an  endless  band.  The  sluice  boxes  are  then  strung  out 
in  position,  the  slope  and  length  depending  upon  the  character  of  the 
gold,  the  available  grade,  and  the  means  of  the  miners.  As  a  general 
rule,  the  longer  the  string  of  boxes  the  more  thoroughly  is  the  gold 
saved.  The  riffles  are  then  put  into  the  sluice  boxes.  All  then  being 
in  position,  water  is  admitted  into  the   sluices,  the  pump   is  set  in 
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motion,  and  the  process  of  shovelling  in  the  sand  and  gravil  goes  on. 
The  latter  is  carried  through  the  sluices  by  the  force  of  the  water  and 
goes  off  as  tailings,  while  the  gold  and  heavy  black  sand  settle  into  the 
riffles,  from  which  it  is  removed  at  stated  intervals,  usually  a*  the 
weekly  clean  up.  The  process  of  working  a  shallow  dry  placer  is  much 
the  same,  save  thut,  as  water  is  absent,  enough  to  supply  the  sluice  must 
be  brought  by  ditches,  and  the  wing  dam  is  unnecessary. 

Mining  laws  in  British  Columbia  limit  the  size  of  placer  claims, 
which  can  only  take  in  100  feet  in  length  of  stream  in  the  case  of  creek 
and  bar  diggings,  and  100  feet  square  in  bench  and  dry  diggings. 
Where  a  new  stream  is  discovered  these  claims,  as  above,  are  staked  off, 
and  if  the  ground  is  shallow  it  is  worked  as  has  been  described.  If,  on 
the  other  hand,  the  ground  is  deep,  as  :s  usually  the  case  in  the  old 
channels  and  also  in  many  of  the  modern  streams,  such  methods  would 
be  too  expensive  to  employ,  and  in  such  cases  deep  placer  mining  by 
hand  is  resorted  to.  This  consists  essentially  either  in  running  a  drift 
or  bed  rock  flume  to  strike  the  bed  rock,  or  in  sinking  a  shaft  at  the 
side  of  the  stream  in  solid  ground  and  drifting  out  to  strike  the  bed 
rock,  as  is  shown  in  the  following  sketch, 
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in  which  the  shaft  goes  down  through  the  rim  rock  forming  the  banks 
of  the  stream,  and  at  the  lowei  end  of  the  claim.  When  the  miners 
think  they  are  deep  enough,  a  trial   drift  is  run  out  to  strike  the  bed 
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rock  of  the  present  stream  or  old  channel,  as  the  case  may  be ;  and  when 
this  is  struck,  the  gravel  is  hoisted  through  the  shaft  to  the  surface,  and 
washed  in  sluices  as  before.  These  underground  workings  require  to  be 
heavily  and  securely  timbered,  for  the  life  of  the  miner  to  a  great  extent 
depends  upon  this.  Powerful  pumps  are  also  required  to  keep  the 
drifts  clear  of  water.  The  hoisting  and  pumping  gear  is  usually 
actuated  by  water  power  obtained  from  water  wheels;  and  if  the  height 
to  which  the  water  has  to  be  lifted  is  too  great,  flumes  from  one  claim 
to  another,  the  expense  of  which  is  shared  by  the  various  companies, 
require  to  be  built.  A  better  plan,  when  practicable,  is  to  run  a 
tunnel  with  sufficient  slope  for  drainage  to  strike  the  bed  rock  at  the 
required  place ;  the  sluices  are  then  set  in  the  tunnel  if  water  can  be 
admitted  ;  if  not,  at  the  mouth  of  the  tunnel,  and  washing  goes  on  as 
before.  Bench  claims  being  in  dry  ground,  and  often  high  above  the 
level  of  the  streams,  are  easier  to  work.  The  main  difficulty  there  is  to 
bring  water  to  the  ground  ;  to  do  this,  long  ditches  are  often  required. 
Water  wheels  are  utilized  when  practicable,  one  such  wheel  on  Quesnelle 
River  being  60  feet  in  diameter.  In  the  vicinity  of  Clinton,  in  a  piece 
of  ground  where  water  was  difficult  to  obtain,  it  was  brought  across  the 
Fraser  river  in  rubber  hose.  We  can  thus  see  that  much  ingenuity  is 
exercised  by  the  miner  in  accomplishing  his  end. 

Such  methods  as  the  above  are  utilized  when  the  diggings  are 
shallow  or  reasonably  so,  and  when  they  are  rich  enough  to  bear  the 
expense  of  such  costly  work.  When  this  is  not  the  case,  or  when  the 
richer  ground  has  been  exhausted,  the  ground  can  only  be  profitably 
worked  by  hydraulic  power.  In  view  of  the  fact  that  much  of  the 
mining  ground  now  left  in  British  Columbia  is  of  this  character,  I 
propose  to  give  a  more  detailed  description  of  this  method  of  mining, 
from  which,  in  the  course  of  the  next  few  years,  much  in  the  way  of 
developments  can  reasonably  be  expected. 

In  such  cases  small  claims  as  specified  above  could  not  be  profitably 
worked ;  and  to  encourage  the  industry,  leases  of  mining  property  are 
given  as  follows  : — 
In  dry  diggings,  10  acres. 

In  bar  diggings  unworked,  ^  mile  in  length  along  high  water  mark. 
In  bar  diggings,  worked  and  abandoned,  1J  miles  in  length  along  high 

water  mark. 
In  Creek  claims  on  abandoned  streams,  lij  miles. 
In  Bench  Lands  adjoining  unworked  or  abandoned  streams,  160  acres. 
Hydraulic  Mining  is  that  process  of  extracting  gold  from  auriferous 

gravel  by  means  of  water  under  great  pressure,  discharged  through 

11 
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pipes  and  nozzles   against  the  bank.     Or,  in  other  words,  the  same 
agency  which  origin  illy  buried  and  concentrated  the  gold  in  the  gravel 
is  by  this  method  forced  to  strip  and  separate  it  again. 
It  is  absolutely  necessary  that  there  should  be  : — 

(1)  A  plentiful  supply  of  water  under  pressure. 

(2)  Good  facilities  for  grade  and  dump. 

The  richest  deposit  of  gold  is  found  usually  in  a  stratum  eight  to 
ten  feet  thick  immediately  over  the  bed  rock  of  the  old  channel ;  and 
if  this  is  slate,  as  is  generally,  though  not  necessarily,  the  case,  it  also 
penetrates  into  the  crevices,  seams  and  holes ;  so  that  such  bed  rock 
is  more  likely  to  be  rich  than  smoother  and  harder  rocks.  Such  a 
deposit  being  suspected  or  known,  it  is  first  necessary,  or  at  all  events 
desirable,  to  explore  the  ground  by  means  of  shafts  and  drifts  to  learn 
something  about  the  depth,  extent,  character  and  richness  of  the 
deposit.  A  plentiful  supply  of  water  must  also  be  provided  for, 
and  brought  to  the  ground  by  ditches,  flumes,  or  pipes. 

The  site  of  the  tunnel  is  then  chosen,  giving  due  regard  to  the  dis- 
posal of  tailings,  and  the  grade  which  should  be  given  to  provide  for 
the  drainage  of  the  mine  and  the  economical  washing  of  the  gravel. 
The  size  of  the  tunnel  must  also  be  decided.  This  depends  upon  the 
extent  of  the  deposit  and  how  it  is  to  be  worked;  that  is  to  say 
whether  a  single  or  double  line  of  sluices  is  to  be  employed. 

The  sluices  and  riffles  must  also  be  prepared — no  small  undertaking, 
when  it  is  remembered  that,  in  some  cases,  they  are  over  a  mile  in 
length.  They  may  range  in  size  from  16"  in  width  and  12"  in  depth, 
to  five  feet  or  more  in  width  and  three  feet  in  depth.  They  are  made 
from  planking,  one  to  two  inches  thick,  securely  and  tightly  put 
together,  and  must  be  strongly  mounted  on  sills  and  firmly  supported 
by  trestle  work  where  necessary,  to  withstand  the  great  pressure  of 
water.  The  riffles  are  of  various  forms,  and  differ  materially  from 
those  employed  in  ordinary  placer  mining,  some  of  the  more  common 
and  better  forms  being  as  follows  : — 

Block  Rifles  are  of  two  kinds,  namely  Square  Block  Riffles  and 
Round  Block  Riffles.  In  the  first  case,  the  blocks  are  sawn  good 
dimensions,  b3ing  10x10x10  inches,  but  the  size,  of  course,  may 
vary ;  these  are  placed  in  position,  with  spaces  between,  in  much  the 
same  way  as  block  pavements  on  our  roads  are  laid.  The  round  block 
riffles  are  blocks  sawn  square  off  from  the  trunks  of  trees  and  set  on 
end  in  the  sluices. 

Rock  Riffles  are  stones  laid  in  place  in  the  same  way,  and  are  durable, 
effective,  and  cheap ;  but  are  more  difficult  to  remove  when  cleaning 
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up.  They  can  be  very  profitably  employed  in  the  lower  part  of  the 
sluice,  where  the  catch  of  gold  is  not  so  great. 

Rail  Riffles  made  from  scantling,  built  in  sets  usually  of  about 
eight  feet  long;  the  upper  part  is  protected  by  strips  of  iron,  and  the 
whole  is  laid  lengthwise  in  the  sluice.  Or  the  riffles,  as  a  whole,  may 
be  a  combination  of  the  above  methods. 

The  length  of  the  sluice  depends  mainly  upon  the  disposal  of  the 
tailings,  for  all  the  coarse  gold  and  a  large  percentage  of  the  fine  gold 
'is  found  in  the  first  400  feet  of  the  sluice.  The  slope  given  to  the 
[boxes  depends  upon  the  character  of  the  gold  and  the  gravel  in  which 
it  is  found,  heavy  material  requiring  more  slope  and  water  than 
lighter  material.  If  the  grade  is  too  great,  the  sand  is  apt  to  pack  in 
the  riffles,  and  a  slope  of  about  seven  inches  to  the  box  of  12  feet 
generally  works  well. 

Grizzlies  and  undercurrents  are  also  used.  A  grizzly  is  put  in  when 
a  drop  can  be  given  to  a  line  of  sluices,  and  is  especially  necessary 
when  cement  and  pipe-clay  are  present.  They  consist  essentially  of 
parallel  iron  bars,  such  as  pieces  of  railroad  iron,  set  with  spaces 
between,  which  allows  the  finer  material  to  pass  through,  the  cement 
and  clay  being  pulverized  by  the  fall  into  the  sluice  or  undercurrent 
below,  while  the  heavy  boulders  go  over  the  side. 

Undercurrents  are  large  settling  boxes,  say  20  x  40  feet  (the  size 
varies),  set  to  one  side  of  the  line  of  sluice  boxes,  and  with  less  slope 
than  the  latter.  They  are  provided  with  riffles  as  in  the  sluices.  The 
water  enters  at  the  upper  end  and  re-enters  the  sluice  at  the  lower  end. 
Most  of  the  remaining  gold  is  caught  in  these  undercurrents. 

These  preliminaries  having  been  settled,  the  work  of  opening  the 
claim  begins  as  follows  : — The  tunnel,  or  open  cut  and  tunnel  combined, 
is  started  with  the  proper  grade  to  strike  the  deposit,  say  20  feet  below 
bed  rock  to  provide  for  contingencies,  such  as  holes,  etc.,  and  also  to 
make  sure  of  being  below  bed  rock ;  otherwise,  it  is  money  and  labour 
lost.  The  tunnel  is  securely  timbered  as  the  work  progresses,  and  is 
carried  well  into  the  bed  rock  under  the  deposit,  curves  being  avoided 
as  much  as  possible.  A  shaft,  usually  vertical,  is  then  sunk  either  to 
strike  the  tunnel  directly,  or  at  a  short  distance  to  one  side,  and,  in  the 
latter  case,  the  two  are  connected  by  a  short  drift.  The  shaft  must  be 
securely  timbered  and  lagged  throughout  to  within  about  eight  feet  of 
the  surface.  The  ditches,  or  sluices,  carry  the  water  to  a  distributing 
point,  usually  some  high  point  convenient  to  the  claim,  where  the 
pressure  box  is  situated ;  from  the  latter  it  is  carried  by  iron  pipes  or 
canvas  hose  to  the  claim,  nozzles  being  provided  to  direct  the  water 
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against  the  bank.  Good  forms  of  the  latter  are  fitted  with  ball  and 
socket  joints,  so  that  they  may  easily  be  turned  in  any  direction.  The 
pipes  are  made  of  light  sheet  iron,  and  fit  into  each  other  like  stove- 
pipes; or  they  may  have  lead  joints,  if  thought  advisable.  All  being 
in  readiness,  water  is  turned  en  and  washing  through  the  shaft  begins. 
The  first  washings  must  be  made  with  care,  and  all  the  soil  or  gravel 
within  as  great  a  radius  as  possible  carefully  sloped  and  drawn  toward 
the  mouth  of  the  shaft  before  the  timbering  is  removed.  By  this  means, 
caves  and  washes  are  avoided.  As  the  work  progresses,  the  timbers  are 
removed  till  bed  rock  at  the  bottom  of  the  shaft  is  reached,  and,  finally, 
an  open  cut  in  front  of  the  tunnel  is  made.  The  mine  may  then  be  said 
to  be  opened.  The  bank  is  undermined,  caved,  and  washed  into  the  bed 
rock  flume,  here  taking  the  place  of  the  sluice  boxes,  and  the  latter  is 
carried  forward  as  the  bank  recedes.  Quicksilver  is  largely  employed, 
the  charging  being  done  at  the  head  of  the  sluice.  It  is  added  at 
intervals,  as  required,  being  regulated  by  the  amount  in  view  in  the 
riffles.     The  quantity  used  depends  upon  the  length  of  the  sluice. 

Hydraulic  mining  is  a  development  from  California,  and  it  has 
been  largely  employed  both  there  and  elsewhere  in  the  States,  where 
long  and  expensive  lines  of  ditches  and  iron  pipes  have  been  built,  the 
latter  being  provided  with  automatic  air  valves,  distributing  gates,  and 
improved  nozzles.  Immense  dams,  forming  storage  reservoirs  for 
use  during  the  dry  season,  were  al>o  built.  By  this  method,  large 
quantities  of  gravel,  up  to  nine  and  ten  thousand  cubic  yards,  can  be 
run  through  the  sluices  in  a  single  day.  The  average  cost  is  about  sir 
cents  per  cubic  yard  ;  so  that  gravel  yielding  only  10  to  20  cents  per 
cubic  yard  can  be  profitably  worked. 

Hydraulic  mining  is  successfully  carried  on  in  British  Columbia,  but 
in  a  more  primitive  and  very  much  less  extensive  manner  than  above. 
The  expensive  preliminary  work  is  unnecessary,  for  the  process,  so  far, 
has  been  carried  on  in  a  small  scale  in  Cariboo  and  elsewhere,  where, 
from  previous  workings,  the  ground  is  known  to  be  at  least  rich  enough 
to  yield  fair  returns;  water  is  also  plentiful.  Against  these  advantages 
we  have  the  shortness  of  the  season  to  contend  with. 

The  disposal  of  such  quantities  of  gravel  is  a  serious  question  : 
streams  become  choked  up,  and  bottom  lands  are  buried  under  the  rush, 
and  in  many  parts  of  the  States  it  has  become  illegal  to  mine  in  this 
way.  But  we  need  never  fear  that  this  will  be  the  case,  at  all  events  in 
the  northern  parts  of  the  province;  and  the  successful  operation  of 
mines  by  this  method  will,  there  is  no  doubt,  open  and  develop  parts 
of  the  province  otherwise  useless,  and  foster  and  encourage  an  industry 
furnishing  a  livelihood  and  independence  for  many  miners. 
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For  convenience  the  various  discoveries  of  minerals  in  British  Co- 
lumbia have  been  classified  under  the  above  heading.  The  term  is  not 
strictly  accurate,  notably  so  in  the  case  of  coal  and  iron,  and  is  adopt- 
ed for  description  only,  for  it  is  beyond  the  scope  of  this  paper  to  speak 
of  the  treatment  of  ores  and  methods  of  mining  as  the  industry  is  in  its 
infancy  still.  The  author  wishes  merely  to  give  a  brief  account  of 
some  of  the  more  important  discoveries  of  minerals  in  the  Province. 

As  has  been  stated  before,  the  placer  miner  is,  so  to  speak,  the 
pioneer  of  the  quartz  miner.  It  is  only  reasonable  to  suppose  that  in  the 
ca^c  of  rich  placer  deposits  surmises  should  be  made  as  to  the  origin 
of  the  gold,  and  if  the  latter  is  found  to  have  a  coarse  unworn  appearance 
with  fragments  of  quartz  adhering  we  may  safely  take  it  for  granted 
that  this  source  is  not  far  distant;  and  when,  in  addition  to  this,  frag- 
ments and  nuggets  of  other  minerals,  such  as  silver,  copper,  lead,  plati- 
num, etc.,  are  found  in  the  sluice  boxes,  we  know,  with  a  fair  amount  of 
certainty,  that  rich  discoveries  are  likely  to  be  made.  This  has  been 
the  case  in  British  Columbia,  and  such  discoveries  of  ledges  and  veins 
of  quartz  and  minerals  as  above  were  made  in  many  localities  shortly 
after  the  discovery  of  the  placer  deposits,  and  though  such  finds  from 
the  remoteness  of  the  localities  have  up  to  the  present  time  not  been 
tested,  still  they  are  valuable  and  interesting  as  indications  of  future 
developments  which  are  bound  to  come. 

As  may  be  noticed  in  every  case,  almost  without  exception,  where 
placer  deposits  have  been  worked,  promising  ledges  and  veins  have  been 
discovered,  and  this  over  a  mountain  district  extending  from  the  Inter- 
national Boundary  on  the  south,  to  the  Youkon  River  and  beyond  in 
the  north,  a  distance  of  over  1400  miles,  and  there  is  little  reason  to 
doubt  but  that  as  the  country  becomes  opened  up  the  mineral  deposits 
of  this  vast  region  will  become  extremely  valuable. 

For  convenience  this  region  is  divided  into  districts  as  follows  :  — 
Southern,  Cherry  Creek,  Kamhops,  Yale,  Kootenai/,  Lillooet, 
Cariboo,  Omenica,  Cassiar.  In  some  of  these  districts,  from  their 
accessibility  or  from  other  favoring  circumstances,  more  development 
work  has  been  done  than  in  others  ;  such  localities  the  author  pur- 
poses to  treat  more  in  detail,  not  because  they  are  likely  to  prove 
richer,  but  simply  because  in  such  cases  results  may  be  submitted  to 
you. 

In  the  Southern  Division  is  included  all  that  country  to  the  south  and 
in  the  vicinity  of  Okanagon  Lake.     In  this  district  a  great  number  of 
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promising  locations  have   been    made    at   the    following  camps    and 
places  : — 

Camp  McKenuey,  about  12  miles  from  the  placer  mines  on  Rock 
Creek  and  not  far  from  the  boundary.  A  working  test  from  a  quantity 
of  ore  sent  to  San  Fraucisco  from  these  mines  gave  returns  in  gold  of 
§62.00  to  the  ton. 

Camp  Fairview,  on  Okauagon  River. 

Copper  Camp. 

Boundary  Creek. 

North  Fork  of  Kettle  River. 

Tulemeen  River. 

Wolfe  Creek. 

Keremeos. 

Amelia. 

Maple  Leaf. 

Bear  Creek. 

Toad  Coulee. 

Newton   District,  near  Granite  Creek. 

In  all  of  these  localities  promising  ledges  have  been  discovered,  and  a 
considerable  amount  of  development  work  done  with  satisfactory  requite 
so  far  as  they  go,  but  the  district  is  out  of  the  regular  line  of  travel  and 
the  mines  are  not  behog  developed  as  they  would  be  were  the  country 
made  more  accessible  by  the  building  of  railroads  or  wagon  roads. 

Cherry  Creek  Division. — In  this  locality  we  find  two  ledges  upon 
which  a  considerable  amount  of  work  has  been  done.  One  is  silver 
bearing,  and  crosses  Cherry  Creek  near  the  placer  mines.  Assays 
from  this  mine  shew  it  to  be  extremely  rich,  one  made  by  the  author 
yielding  1205  ounces  of  silver  to  the  ton,  and  a  working  test  from  two 
tons  of  ore  sent  to  San  Fraucisco  giving  625  ounces  to  the  ton.  The 
other  ledge,  known  as  the  Mclntyre  ledge,  is  situated  about  12  miles 
further  on,  on  Monashee  Mountain,  and  shows  gold  visible  to  the  naked 
eye.  A  quartz  mill  has  been  erected  at  this  mine,  and  both  localities 
are  reached  by  a  good  wagon  road. 

Kamloops  Division  includes  the  Nicola  Miues  and  those  claims 
situated  at  Jameson  Creek  and  vicinity,  and  elsewhere  on  the  North 
Thompson  River. 

The  Nicola  Mines  are  situated  about  30  miles  south  of  Kamloops,  i 
the  vicinity  of  Stump  Lake,  and  on  Idaho  Mountain.  A  uood  wagon 
road  connects  them  with  the  above  place.  The  principal  mine  owners 
are  as  follows : — 

Nicola  Mining  and  Milling  Compauy  (English  capital). 
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Star  Mining  Co. 

Mary  Reynolds  Co. 

Wright  &  Fletcher. 

Silver  KiDg  Mining  Co.,  and  others. 

A  company  was  formed  about  1882  to  prospect  these  claims.  About 
1886  they  sold  out  to  the  Nicola  Mining  &  Milling  Co.,  an  English 
syndicate,  who  have  expended  a  large  amount  of  money  in  a  systematic 
and  business-like  manner,  principally  on  three  of  their  claims,  known 
as  the  King  William,  Joshua,  and  Tubal  Cain,  which  claims  the  com- 
pany are  testing  thoroughly  preparatory  to  erecting  extensive  reduction 
works.  These  mines  deserve  special  mention,  for  the  amount  of  work 
done  by  this  company  far  exceeds  that  clone  by  any  other  company  in 
the  province.  They  employ  a  large  force  of  men,  are  using  improved 
machinery,  have  run,  including  drifts  and  shafts,  up  to  1890,  some 
340i)  feet,  and  the  future  of  the  camp  as  a  whole  depends  to  a  great 
extent  up  >n  their  developments,  with  which  they  have  so  far  been 
well  satisfied. 

The  Star  Mining  Company  have  also  done  a  considerable  amount 
of  work  on  their  claims,  and  have  also  erected  a  small  concentrating 
plant,  and  shipped  some  16  tons  of  ore  to  San  Francisco,  yielding  $75 
per  ton. 

Uther  mine  owners,  as  above,  have  also  prospected  their  claims;  and 
are  well  satisfied  with  the  results.  The  principal  minerals  are  lead  sul- 
phides and  carbonates,  rich  in  silver,  and  also  carrying  a  percentage  of 
gold. 

Many  claims  have  also  been  located  in  the  vicinity  of  Jameson  Creek 
which  from  surface  indications  promise  well,  as  do  other  claims  located 
further  up  the  North  Thompson  and  Clear  Water  Rivers.  But  as  yet 
little  development  work  has  been  done  to  prove  the  future  value  of 
these  claims. 

Yale  Division. — By  this  is  meant  that  section  of  country  in  the 
vicinity  of  Yale,  Hope,  North  Bend,  and  Siwash  Creek.  In  this  divi- 
sion a  number  of  claims  have  been  developed  to  a  considerable  extent. 
Some  of  them  are  known  to  be  rich,  such  for  instance  as  those  south  of 
Hope,  which  have  been  known  for  a  number  of  years,  and  upon  which 
difficulties  regarding  ownership  have  prevented  development. 

The  ore  on  two  of  these  claims,  known  as  the  Eureka  and  Van  Bre- 
mer, is  described  as  being  principally  argentiferous  grey  copper  and 
silver  chloride,  and  assays  varying  from  $25.00  to  $2,400  to  the  ton 
in  silver  are  obtained.  Promising  indications  are  also  obtained  from 
other  claims,  but,  as  in  other  localities,  lack  of  means  prevents  develop- 
ments. 
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Kootenay  Division  is  traversed  by  the  Canadian  Pacific  Railway, 
and  important  water  stretches,  such  as  the  Columbia  and  Kootenay 
Rivers  and  Lakes,  also  exist,  so  that  prospectors  have  been  able  to  travel 
about  in  the  mountains,  and  the  result  of  their  labour  is  shown  by  the 
large  number  of  rich  and  promising  ledges  discovered  in  the  following 
localities  : — 

Illecillewaet,  Deception  Creek, 

Field,  Windermere, 

Fish  Creek,  Big  Bend, 

North  Arm  of  Arrow  Lake,  Bugaboo  Creek, 

East  Arm  of  Upper  Arrow  Lake,  Horse  Thief  Creek, 

Toad  Mountain,  Toby  Creek, 

Eagle  Creek,  Otter  Tail, 

Hot  Springs,  Findlay  Creek, 

Hendryx  Mines,  Copper  Creek, 

Spillemcheen  Mountain,  Bull  River, 

Jubilee  Mountain,  Groat  River, 

McMurdo  District,  Trail  Creek. 
Lordeau  River. 

Of  these  localities  only  brief  mention  can  be  given,  referring  more 
particularly  to  those  which  have  been  developed  to  the  greatest  extent. 

The  Illecillewaet  Mines  are  situated  near  the  station  of  that  name  on 
the  Canadian  Pacific  Railway,  and  are  within  a  short  distance  of  the 
track.  The  Selkirk  Mining  and  Smelting  Co.  own  a  number  of  claims, 
and  have  erected  sampling  works,  offices,  boarding-houses,  etc.,  and  have 
also  built  roads  to  their  mines.  They  shipped,  in  1887,  some  300  tons 
of  ore  to  smelting  works  in  Omaha,  the  average  value  being  70  ounces 
of  silver  and  44%  of  lead  to  the  ton.  This  company  is  now  confining 
itself  chiefly  to  developments  in  the  Lanark  Mine. 

Corbin  &  Co.  also  own  a  number  of  valuable  claims  upon  which  they 
have  expended  a  large  amount  of  money  in  developments.  Mr.  Mc- 
Kinnon  holds  the  Maple  Leaf  Mine,  adjoining  the  Lanark,  at  $80,000. 
Claims  at  Cariboo  Creek  are  said  to  be  equally  rich. 

At  the  Field  Mines,  close  to  the  Canadian  Pacific  Railway  station 
Field,  a  large  amount  of  development  work  has  also  been  done ;  ore 
houses,  offices,  etc.,  having  been  built,  also  a  tramway  along  the  vein 
and  down  to  the  railway  track.  They  have  shipped  a  large  amount 
of  ore  to  smelting  works.  The  ore  is  lead  carbonate,  and  a  low  grade, 
but  as  it  is  easily  smelted,  and  conveniently  situated  on  the  railway, 
the  mines  are  certainly  valuable.     To  the   other  localities,  passing 


Drummond  on  Mining  in  British  Columbia.         169 

notice  only  can  be  given,  attention  being  directed  mainly  to  working 
tests  on  shipments  of  ore  made  from  various  mines. 

At  McMurdo's  we  find  galena  ores,  rich  in  silver,  and  apparently  in 
well  defined  veins.  Two  car  loads  of  ore  shipped  from  the  Wells,  Pol- 
lock and  Aylmer  property  averaged  100  ounces  of  silver  and  63%  of 
lead  to  the  ton. 

There  is  also  a  well-defined  gold  belt  which  is  said  to  average  about 
$20.00  to  the  ton.  A  stamp  mill  is  now  at  Golden  awaiting  shipment 
in  the  spring  to  this  field. 

The  Spillemcheen  and  Jubilee  districts  also  promise  well,  and  are 
conveniently  situated  near  the  Columbia  River.  The  ore  bodies  are 
enormous,  and  are  chiefly  sulphides  of  copper  and  lead,  which,  however, 
arc  of  a  low  grade  character. 

The  Hot  Springs  are  situated  on  Kootenay  Lake,  about  30  miles 
from  Nelson.  The  parallel  lodes  exist  in  tiers  on  the  mountain  side,  the 
lower  ones  being  low  grade  galenas,  which  become  richer  as  the  moun- 
tain is  ascended,  till  the  summit  lodes  are  reached,  where  we  find  rich 
carbonates  and  sulphides  of  lead  containing  Wire  and  Ruby  Silver. 

Hendryx  Mines  are  just  on  the  opposite  side  of  the  lake  from  Hot 
Springs.  Development  work  is  being  vigourously  pushed  on  by  means 
of  an  Ingersoll  drill.  The  lode  is  said  to  be  a  mass  of  galena,  86  feet 
wide,  which  assays  about  20  ounces  of  silver  and  23%  of  lead  to  the 
ten.  Perhaps  the  best  way  to  convey  an  idea  of  the  richness  of  these 
claims  is  to  give  the  following  milling  tests  from  various  mines  in  1889  •' 

No.  1  claim. ..146  tons,   87  ounces  of  silver  per  ton. 

Little  Donald .   85  "      90  ounces  silver    35%     lead  per  ton. 

Silver  King....  40  "  299      "  u       20%  copper  "  " 

"         "    ....  30  "  230      "          "       20%       "  "  " 

Spokane 65  "      40      "  "       70%  lead  "  " 

Delia 2u  "  120      "  "       "  " 

Skyline 15  "  225       "  "        "  " 

Gallagher 14  "  119       "  "     $14.00ingold  "  " 

Krao 12  "      95      «         "       50%  lead  "  " 

Or  altogether  427  tons,  yielding  50,393  ounces  of  silver. 

Big  Bend  Mines  are  situated  on  the  bend  of  the  Columbia  River, 
and  are  gold-bearing,  though  galena  is  also  found.  From  the  richness 
of  the  placer  deposits,  there  is  every  reason  to  suppose  that  they  may  be 
valuable.  But  as  the  region  is  inaccessible,  and  as  little  development 
wovk  has  been  done,  it  is  impossible  to  say  much  about  their  future. 
For  the  same  reason  little  can  be  said  about  the  other  localities  men- 
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tioned  in  the  list,  excepting  that  good  assays  are  obtained  and  the  sur- 
face prospects  are  promising. 

Lillooet  Division. — In  this  division  the  principal  discoveries  have 
been  made  in  the  vicinity  of  Cayoosh  Creek,  where  a  great  number  of 
claims  have  been  staked  off.  The  ledges  are  gold-bearing,  and  the  gold 
seems  to  be  uniformly  distributed  through  the  quartz  in  a  fine  condition, 
as  colors  can  be  obtained  almost  everywhere.  The  average  assay  value 
id  to  be  about  one  ounce  to  the  ton.  These  veins  are  undoubtedly 
the  sources  from  which  the  rich  placer  deposits  of  this  locality  obtained 
their  gold,  and  there  is  therefore  a  strong  probability  that  they  will  prove 
remunerative  in  the  future.  Ledges  have  also  been  discovered  in  the 
vicinity  of  Seaton  aud  Anderson  Lakes,  that  at  Anderson  Lake  being 
described  as  n  strong  lode  of  quartz  carrying  galena  assaying  $46.00  in 
silver  and  814.00  in  irold  to  the  ton.  In  a  few  of  these  claims  a  con- 
siderable amount  of  prospecting  work  has  been  dune,  but  in  the  great 
majority  we  find  nothing  beyond  assessment  work. 

Cariboo  Division,  from  the  richness  of  its  placer  deposits  worked  in 
early  days,  has  always  been  looked  upon  as  a  locality  from  which  muck 
in  the  way  of  developments  in  quartz  might  reasonably  be  expected. 
Many  ledges  were  known  even  in  these  early  days,  from  which  in 
several  instances  $3.00  to  $5.00  a  day  per  man  was  made  by  washing 
the  decomposed  and  oxidised  rock  matter  at  the  surface  of  the  veins. 
We  accordingly  find  that  in  1877-8  companies  were  found  to  operate 
mines  here  ;  but  from  exaggerated  ideas  of  the  richness  and  erroneous 
views  regarding  the  methods  and  cost  of  working  the  ore«,  these  efforts 
failed,  and  quartz  mining  received  a  severe  check.  Within  the  last  few 
years,  however,  attention  has  been  again  turned  to  these  ledges  with 
what  now  appears  to  be  a  fair  chance  of  success.  From  what  is 
known  of  the  district,  it  is  clear  that  a  great  number  of  well  defined 
quartz  ledges  exist,  from  which  good  prospects  are  obtained.  As  is  well 
known,  much  of  the  gold  obtained  from  quartz  is  contained  in  sulphu- 
rets,  which  on  the  surface  has  become  oxidised,  allowing  the  free  gold 
to  escape,  and  on  several  of  the  veins  such  bodies  of  sulphurets  have 
been  discovered.  The  Government  has  established  a  small  testing  plant 
in  this  neighbourhood,  to  assist  the  development  of  the  mines,  and  several 
small  stamp  mills  have  also  been  erected.  From  the  Black  Jack  Mine, 
two  lots  of  ore  have  been  worked  as  follows  : — No.  1  of  100  tons  yielded 
$523.00  in  free  gold  and  12  tons  of  sulphurets,  worth  $24.00  to  the 
ton  ;  No.  2  of  2»)2  tons,  yielding  $4.50  in  free  gold  and  $13.00  m 
sulphurets  per  ton.  By  means  of  these  stamp  mills  and  testing  works 
the  miners  will  be  able  to  realize  from  their  ores,  and  thus  obtain  money 
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to  go  on  with  development  of  their  mines,  and  there  is  every  hope  that 
in  a  short  time  they  may  be  able  to  prove  the  value  of  their  own  claim>. 
and  with  them  assure  success  of  quartz  mining  in  the  district  as  a 
whole. 

Omenica  Division. — The  remote  situation  of  this  district  will  for  the 
present  prevent  the  development  of  vein  minim:,  but  there  is  no  doubt 
that  it  is  rich  in  minerals.  It-;  placer  deposits  would  seem  to  indicate 
the  existence  of  both  gold  and  silver  bearing  ledges.  On  Vital  Creek, 
of  the  metal  found  was  arquerite  or  silver  amalgam.  A  large  number 
of  ledges  ci  ntaining  highly  argentiferous  galena  ore  in  larue  bodies  are 
also  known  to  exist,  which  assay  from  30  to  130  ounces  of  silver  to  the 
ton.  A  number  of  these  claims  were  at  one  time  taken  up,  but  have  since 
been  abandoned.  When  taken  in  connection  with  discoveries  in  more 
accessible  regions,  the  probability  is  that  nothing  will  be  done  to  de- 
velop this  district  till  it  can  be  reached  in  a  more  convenient  manner 
than  it  now  is. 

Cussiar  Division. — Almost  the  same  remarks  may  be  applied  to  this 
district,  in  which  many  well  defined  ledges  are  known  to  exist,  on 
which  surface  indications  are  promising,  and  from  some  of  which  rich 
assays  have  been  obtained,  indicating  in  connection  with  the  rich  placers 
which  have  been  worked  that  the  district  in  the  future  will  become  valu- 
able from  the  mineral  deposits  in  its  veins  and  ledges.  As  regards  its 
situation  it  could  be  made  accessible  with  a  comparatively  small  out- 
lay. 

The  vast  Yukon  District  to  the  north  is  apparently  equally  rich 
in  mineral  deposits. 

In  addition  to  the  minerals  enumerated  above,  many  others  are  also 
to  be  found  ;  such  as  molybdenum,  mercury,  antimouy,  plumbago, 
bitumen,  asbestos,  mica,  platinum,  coal  and  iron. 

The  platinum   is   found   associated  with  the  gold   in  placer  mining 

in  many  localities  throughout  the  province ;  but  its  principal  source  is 

'Granite  Creek,  where,  since  1885,  some  4,0U0  ounces  have  been  collected. 

It  is  the  most  important  field  fortius  mineral  which  has  been  discovered 

in  North  America. 

The  deposits  of  coul  in  the  province,  as  is  well  known,  are  of  vast 
importance.  The  mines  on  Vancouver  Island  were  worked  before  the 
discovery  of  gold  in  the  province.  They  are  important,  both  from  their 
extent,  quality,  and  favourable  position.  The  output  for  1889.  from 
the  various  mines  in  operation,  was  as  follows  :  — 

Nanaimo  Colliery 223,870  tons. 

Wellington     "     273,383     " 
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East  Wellington  Colliery 51,372  tons 

Union  "     31,204     " 

Total 579,929  tons. 

The  total  output  of  coal  for  the  province,  up  to  the  end  of  1888, 
was  4,358,221  tons. 

These  coals  are  of  the  age  of  the  cretaceous  formation,  and  they 
are  now  admitted  to  be  superior  to  any  other  coals  on  the  Pacific  Coast. 

In  addition  to  the  above,  we  find  tertiary  deposits  scattered  through- 
out the  province,  both  along  the  coast  and  in  the  interior.  The  tertiary 
area  in  British  Columbia  is  estimated  to  be  12,000  square  miles. 

Deposits  of  iron  also  occur  in  many  places  in  British  Columbia.  At 
present,  only  such  as  are  situated  on  the  coast  are  available;  but,  as 
the  country  becomes  developed,  the  others  will  also  be  valuable.  In 
some  cases,  they  occur  as  clay  ironstone  in  the  coal  series ;  but 
principally  in  the  form  of  magnetites.  Little  attention,  as  yet, 
has  been  devoted  to  this  branch  of  mining.  The  only  ores  being 
worked  are  those  of  Texada  Island,  which  is  magnetite  of  excellent 
quality.  The  mines  are  most  favourably  situated,  either  for  shipment 
or  smelting,  as  the  Comox  coal  fields  are  only  about  twenty  miles 
distant.  The  following  shipments  have  been  made  : — 1885,  190  tons  ; 
1886,  3,941  tons;  1887,  1,410  tons;  1888,  7,300  tons.  Similar 
deposits  occur  elsewhere  along  the  coast,  also  favourably  situated  as 
regards  shipment. 

As  may  be  seen  from  the  foregoing,  the  province  possesses  important 
mineral  deposits  in  many  different  localities,  and  extending  over  a  vast 
extent  of  country.  It  may  very  reasonably  be  asked,  then,  how  so  little 
has  been  done  towards  the  development  and  working  of  these  deposits  ! 

Want  of  capital  and  the  inaccessibility  of  the  country  have  been, 
and  still  are,  the  principal  reasons.  The  completion  of  the  Canadian 
Pacific  Railway  has  opened  the  Kootenay  District,  and  witness  the 
developments  and  discoveries  which  have  been  made  since  that  time. 
The  discoverers,  almost  without  exception,  are  poor  men,  and  develop- 
ment of  quartz  mines  requires  capital;  for,  in  most  cases,  no  returns 
can  be  obtained,  even  when  valuable  ore  is  lying  on  the  dump :  the 
great  hope,  then,  is  that  monied  men  may  be  induced  to  invest  and 
help  in  the  development.  In  many  cases,  the  miners  are  themselves  to 
blame — they  give  exaggerated  values  to  their  properties,  based  upon 
fictitious  results  obtained  from  picked  assays,  or  hold  undeveloped 
property  at  fabulous  prices.  This  is  more  likely  to  do  harm  than  good, 
and  is  bound  to  delay  developments.      Average  results  are  what  are 
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required,  and  if  these  can  be  obtained  from  a  quantity  of  ore,  they 
give  undoubted  proof  as  to  the  value  of  the  mines.  But,  in  the  absence 
of  capital,  these  working  tests  can  only  be  obtained  under  favourable 
circumstances,  both  as  regards  situation  and  richness  of  ore,  which  has 
u>ually  to  be  packed  for  long  distances  to  the  Dearest  shipping  points. 
Low  grade  ores  cannot  be  tested  in  this  way,  except  when  reduction 
works  are  near,  even  though  such  deposits  are  equally  as  valuable  as 
the  richer  ores.  The  following  examples  will  give  an  idea  of  the  present 
cost  of  shipping  ore  from  mines  which  are  favourably  situated  : — Silver 
King  Mine,  Toad  Mountain  to  Kelson,  a  distance  of  seven  miles,  by 
pack  train,  $10  per  ton,  and  from  there  to  Butte,  Montana,  including 
smelting,  $47  per  ton  ;  in  all,  $57  per  ton.  The  cost  of  transportation 
from  Hot  Springs  to  the  same  destination,  including  smelting  charges, 
$40  per  ton.  This  does  not  include  the  cost  of  packing  from  the  mines  to 
the  water  edge,  which,  of  course,  varies  with  the;  distance.  The  erection 
of  such  reduction  works  in  the  province,  then,  is  of  great  importance : 
First,  because  it  allows  miners  to  receive  some  returns  from  their  ore, 
and  thus  aids  them  in  going  on  with  development.  Second,  the  erection 
of  such  works  by  experienced  men  is  a  direct  proof  that  the  importance 
of  the  deposits  are  recognized.  It  is  not  out  of  place,  therefore,  to 
shew  what  has  been  done  in  this  way. 

In  the  Cariboo  District,  stamp  mills  have  been  erected  as  follows  : — 

Island  Mountain  Mining  Company. — One  ten  stamp  mill,  operated 
by  a  fifty-horse  power  engine,  with  the  view  of  working  a  larger  number 
stamps  as  required. 

British  Columbia  Mining  and  Milling  Company,  Stout's  Gulch. — 
One  ten  stamp  mill  and  engine  (on  the  ground,  but  not  erected). 

Black  Jack  Quartz  Mining  Company. — A  one  stamp  test  mill,  capable 
of  working  1J  tons  of  ore  per  day  (operated  by  water). 

Nason  &  Co.,  Conklin's  Gulch. — One  four  stamp  mill,  worked  by 
ffater. 

In  addition  to  the  above,  the  Government,  with  the  view  of  encour- 
aging and  assisting  the  miners,  has  erected  a  small  testing  and  chlor- 
inating plant,  with  a  capacity  of  about  three  tons  per  day. 

NEW    WESTMINSTER   DISTRICT. 

At  Vancouver,  a  smelter  and  sampling  works,  with  a  capacity  of  50 
tons  per  day.  Through  some  faults  in  construction,  not  working  at 
present. 

KOOTENAY     DISTRICT. 

At  Golden,  a  smelter,  20  tons  capacity  per  day,  with  roasting  fur- 
nace, 14  tons  capacity  per  clay. 
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At  Revelstoke,  a  smelter,  owned  by  the  Revelstoke  Smelting  Syndi- 
cate, capacity  60  tons  per  day  ;  also,  sampling  works,  having  a  capacity 
of  100  tons  per  day,  operated  by  a  50  horse-power  engine. 

At  Summit  of  Toad  Mountain,  the  Collingwood  Gold  Mining  Com- 
pany has  two  Huntingdon  Mills  of  five  tons  capacity  each  and  two 
Frue  vanning  concentrators. 

At  Eagle  Greek,  one  ten  stamp  mill  and  four  Frue  vanners,  capacity 
15  tons  per  day,  operated  by  a  Pelton  water-wheel. 

A  stamp  mill  is  now  at  Golden,  awaiting  shipment  to  mines  in  the 
spring.     Capacity  unknown. 

In  addition  to  the  working  tests  already  given,  some  205  tons  of  ore 
were  also  tested,  yielding  69,530  ounces  of  silver  ;  or  say,  on  an  aver- 
age, 3-40  ounces  of  silver  to  the  ton. 

In  many  of  the  localities  the  success  of  the  camp  as  a  whole  depends 
to  a  great  extent  upon  the  successful  development  perhaps  of  single 
claims,  where  owners  are  more  fortunate  as  regards  capital  and  means 
to  prove  the  value  of  their  claims. 

Another  reason  which  has  retarded  actual  working  developments 
and  erection  of  reduction  works  is  the  fact  that  a  large  amount  of  pre- 
liminary work  is  necessary,  both  to  ensure  a  constant  supply  of  ore, 
and  also  to  determine  the  methods  by  which  it  is  to  be  worked,  for  in 
many  cases  the  character  of  the  ore  changes  after  a  certain  depth  is 
reached.  As  the  coarse  gold  of  the  placer  deposits  is  derived  from  ledges 
in  the  immediate  vicinity,  we  might  fairly  assume  that  these  ledges 
would  be  gold-bearing.  If  this  were  the  case,  it  would  simplify  matters 
considerably,  and  at  the  same  time  materially  assist  in  the  immediate 
development  of  mines  throughout  the  province,  for  ores,  if  free  milling, 
are  worked  by  machinery — inexpensive  when  compared  with  the  cost  of 
reduction  works  required  for  the  treatment  of  silver  ores  when  asso- 
ciated with  the  baser  metals.  When  a  portion  of  the  ledges  is  de- 
stroyed, the  gold,  from  the  fact  that  it  is  acted  upon  by  few  agents  in 
nature,  is  left,  while  the  more  alterable  associated  minerals,  copper,  lead 
etc.,  are  destroyed  and  carried  away.  In  this  way  in  many  cases  the 
gold  of  the  placer  deposits  may  be  robbed  from  ledges  which  will  in  all 
probability  turn  out  in  many  cases  to  be  silver-bearing,  the  principal 
associated  minerals  being  copper  and  lead,  with  the  probability  that 
silver  bearing  copper  ores  will  be  more  plentiful  than  silver-bearing 
lead  ores,  though  surface  indications  show  the  latter  more  abundant. 

Next  in  importance  to  the  mines  themselves  is  the  ways  and  means 
of  reaching  them. 

The   Columbia   and  Kootenay  Railway  is  now  under  construction, 
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and  will  be  ready  to  carry  ores  early  next  summer.  If  so,  in  connection 
with  steamboats,  now  built  and  operated  on  the  Columbia  River, 
miners  will  be  enabled  to  ship  ores  direct  to  the  smelters  at  Revelstoke 
and  Golden  at  a  comparatively  small  cost,  and  there  is  no  reason  to 
doubt  that  these  smelters  will  be  kept  steadily  at  work  and  in  a  short 
time  prove  inadequate  to  treat  the  amount  of  ore  coming  in  In  the 
Eootenay  District  at  least,  then,  we  may  look  forward  to  important 
developments  in  a  very  short  time.  Elsewhere  throughout  the  country 
railroads,  wagon  roads,  etc.,  for  reaching  the  mines  are  badly  required, 
This  paper  has  assumed  dimensions  far  beyond  what  was  intended. 
It  has  been  impossible  to  mention  individual  claims,  except  where 
more  important  developments  have  warranted  it.  You  will,  therefore, 
understand  that  this  has  been  avoided,  not  because  they  were  unworthy 
of  mention,  but  simply  because  space  would  not  allow  me  to  do  so. 

From  the  accessibility  of  the  Kootenay  district  it  has  been  given 
more  space  and  attention,  probably  at  the  expense  of  other  districts 
equally  as  promising  and  valuable,  but  at  present  not  so  favourably 
situated.  This  is  simply  because,  in  this  district,  as  a  whole,  more 
developments  have  been  made,  affording  more  tangible  proof  to  present 
to  you. 

Mining  in  British  Columbia  has  now  reached  that  stage  when  examin- 
ation of  its  mines  is  courted  and  invited.  Let  us  hope,  then,  that 
wit!)  the  completion  of  the  Canadian  Pacific  Railway,  and  improved 
facilities  for  travel,  capitalists  will  visit  the  country  and  judge  for 
themselves. 

Let  me  state,  in  conclusion,  that  the  existence  of  rich,  valuable  and 
extensive  mineral  deposits  within  the  boundaries  of  British  Columbia 
is  now  admitted,  and  that  it  is  only  a  question  of  a  short  time  till  this 
•will  be  definitely  proved.  The  development  and  working  of  these 
deposits  will  create  a  vast  and  permanent  industry,  supporting  a  large 
population.  Important  towns  and  mining  centres  will  spring  up  at 
various  points,  railroads  will  be  built,  and  British  Columbia  will 
become  one  of  the  richest,  if  not  the  richest  and  most  valuable 
province  of  our  Dominion  of  Canada. 


DISCUSSION. 

Mr.  Bla^kweil.  Mr.  K.  W.  Blackwell  said  he  would  like  to  ask  the  author  of  the 
paper  if  he  could  explain  the  reason  why  the  output  of  the  coal  mines 
in  British  Columbia  was  so  small,  and  what  were  the  circumstances  that 
limit  their  production. 

The  figures  were  about  1900  tons  per  day  as  an  aggregate  for  all  the 
coalmines  in  British  Columbia,  or  about  equal  to  the  output  of  the 
Springhill  mine  in  Nova  Scotia. 

Is  it  because  it  does  not  pay  to  haul  this  coal  over  the  Rocky 
Mountain  Division  of  the  C.  P.  R.  ? 

Or,  on  the  other  hand,  is  the  demand  for  this  coal  in  California  (where 
most  of  it  goes)  limited  ? 

Considering  how  favorably  these  coal  seams  are  situated  for  working, 
how  is  it  that  more  coal  has  not  been  produced  ? 

The  demand  and  price  for  this  coal  on  the  whole  Pacific  coast  have 
been  looked  upon  as  exceptionally  good. 

Possibly  there  were  reasons  of  a  commercial  nature  that  limited  the 
products  of  these  most  promising  coal  seams  which  the  writer  could 
explain. 

Mr.  Drummond      Mr.  Drummond  in  reply  to  Mr.  Blackwell's  remarks  said  : — 

1st. — The  whole  of  the  available  coal-bearing  area  of  known  value  on 
Vancouver  Island  having  been  granted  to  the  E.  &  N.  Railway  Com- 
pany, the  development  of  coal  mining  has  been  limited  in  consequence  to 
their  operations  at  the  Union  Mine  in  Cumox;  and  the  three  other  com- 
panies at  that  time  in  operation,  the  principal  owners  of  this  large  grant 
of  coal  lands  are  also  the  owners  of  the  Wellington  Collieries.  Com- 
petition therefore  beyond  that  which  existed  between  the  three  companies 
at  the  time  of  the  transfer  has  been  practically  shut  out  lor  all  time. 
The  competition  with  which  these  companies  are  met  in  the  San  Fran- 
cisco market  is  mainly  from  "ballast"  coal,  which  at  frequent  and 
uncertain  iutervals  flood  that  market.  This  coal  is  brought  from  Eugland, 
Wales  and  Australia,  as  ballast,  by  ships  seeking  wheat  cargoes  in 
return.  Our  coal  mining  companies  require  to  gauge  the  higher  ratings; 
of  that  market  and  to  govern  their  output  accordingly. 
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2nd. — The  total  output  of  the  B.  C.  collieries  for  the  calendar 
year  1890  was  678,140  tons,  or  2,173  tons  per  day  of  312  days  in  the 
year  ;  and  would,  he  had  no  doubt,  have  aggregated  2800  tons  per  day 
but  for  the  Wellington  strike,  which  extended  over  a  large  portion  of 
the  year. 

3rd. — Jt  will  never  pay  to  transport  Vancouver  Island  coal  forty 
miles  by  water  and  tranship  by  railway  over  the  Rocky  Mountains  in 
competition  for  the  markets  of  the  N.  W.  T.,  against  the  collieries  of 
those  regions. 

4th. — Yes,  but  gradually  increasing. 

5th. — Although  the  coal  fields  of  Vancouver  Island  are  favourably 
situated  for  working  in  so  far  as  their  products  being  shipped  is  con- 
cerned, yet  the  fields  are  so  broken  and  irregular  that  the  companies 
working  them  have  to  proceed  with  great  caution  in  their  development 
in  order  to  guard  their  capital  and  mining  machinery.  Labor  is  far 
above  the  prevailing  prices  in  Nova  Scotia. 

The  appended  tabular  statement  of  the  development  of  the  mines 
shows  an  increase,  not  out  of  proportion  to  the  increase  of  consumption 
of  coal  on  the  whole  Pacific  coast. 
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EETURNS  FROM  COAL  MINES  IN  BRITISH  COLUMBIA. 

The  development  of  our  mines  shows  a  healthy  progress  : — 

Tons, 
utput    was         81,000 

110,000 
"  139,000 

154,000 

171,000 
«       241,000 

268,000 
"  228,000 
"       282,000 

213,000 
"  394,070 
«       365,000 

326,626 
«  413,360 
«  489,300 

"       579,830 

678,140 


In  1874   the  tot 

1875 

c< 

1876 

H 

1877 

K 

1878 

« 

1879 

« 

1880 

a 

1881 

« 

1882 

u 

1883 

it 

1884 

(i 

1885 

it 

1886 

u 

1887 

tt 

1888 

it 

1889 

(C 

1890 

(i 

CORRESPONDENCE. 

Mr.  H.  S.  Poole  said  this  paper  must  prove  of  undoubted  value  to  Mr.  Poole. 
British  Columbia,  and  to  those  who  may  propose  to  aid  in  developing 
her  mineral  resources.  It  has  an  interest  for  the  writer  in  recallins 
a  limited  experience  in  mining  camps  and  with  minim:  excitements  in 
the  West  twenty  years  ago,  at  which  time  he  visited  the  site  of  the 
latest  rush  in  Utah,  the  district  of  Deep  Creek  on  the  western  margin 
of  the  desert,  where  even  then  some  fairly  rich  ore  was  known,  but  the 
known  veins  being  small,  the  difficulty  of  access  stood  in  the  way  of 
active  development. 

A  special  interest,  however,  lies  in  the  reference  to  the  origin  of  gold 
in  the  sands  and  gravel  of  modern  and  ancient  streams,  and  the  presence 
of  gold  in  the  carboniferous  conglomerate  of  Nova  Scotia.  Having  of 
late  years  confined  his  attention  entirely  to  coal  mining,  he  had  not  before 
seen  any  statement  openly  advocating  the  theory  in  question. 

He  had  visited  workings  in  an  ancient  channel  high  up  on  a  canon 
side,  through  which  the  present  stream  had  cut  its  way,  and  left  portions 
of  the  ancient  bed  in  which  gold  was  found  on  both  sides  of  the  present 
stream,  and  among  the  specimens  which  he  had  brought  away  and 
retained  was  one  of  native  copper  taken  from  the  modern  bed.  The 
copper  was  as  filaments  through  the  tissue  of  half  decayed  bark,  de- 
posited evidently  from  the  percolating  waters  by  the  action  of  the  organic 
matter. 

He  had  seen  no  such  direct  evidence  of  the  deposition  of  gold,  but  he 
had  been  much  struck  with  the  form  displayed  by  particles  taken  from 
the  Gay's  River  deposit,  and  he  had  referred  to  them  in  an  article 
published  in  the  journal  of  the  Geological  Society  of  London. 

When  Inspector  of  Mines,  and  visiting  this  locality  a  dozen  years  and 
more  ago,  he  had  taken  great  interest  in  the  formation,  and  noted  that 
while  the  boulders  and  pebbles  composing  the  formation  resting  on  the 
Cambro-Silurian  slates  were  well  rounded  and  polished  by  attrition,  the 
gold,  although  so  soft  and  so  much  more  easily  worn  than  the  silicious 
stones  composing  the  matrix,  did  not  present  the  same  appearance. 

As  an  illustration  he  showed  a  specimen,  an  irregular-shaped  plate, 
three-quarters  of  an  inch  long  by  half  an  inch  wide,  the  surface  of  which 
was  studded  with  projecting  particles,  semi-crystalline  almost  in  appear- 
ance and  as  accretions.     It  presented  no  similarity  to  that  of  a  piece  of 
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coarse  gold  from  a  vein  flattened  and  rubbed  down  by  contact  with  hard 
material,  such  as  would  be  expected  from  the  debris  of  a  vein  containing 
gold  that  had  been  broken  down  by  atmospheric  agencies  and  removed 
by  flowing  water.  The  surface  had  rather  the  appearance  of  a  plate  of 
copper  thrown  down  by  an  electric  current. 

Mr.  Drummond  Mr.  Drummond  said  in  writing  this  paper  he  wished  to  direct  atten- 
tion more  particularly  to  vein  mining,  and  it  may  therefore  be  said 
that  too  much  space  had  been  devoted  to  placer  mining.  For  several 
reasons,  however,  he  considered  that  this  branch  of  mining  deserves  a 
somewhat  detailed  treatment.  In  the  first  place,  the  subject  is  inter- 
esting, and  helps  very  materially  to  make  the  paper  readable.  It  also 
plays  an  important  part  in  the  history,  development,  and  exploration 
of  the  Province,  for  what  is  known  of  the  topography  of  the  country  is 
largely  due  to  the  explorations  of  the  placer  miner.  If  gold  liad  not 
been  discovered,  there  is  a  stiODg  probability  that  the  Canadian 
Pacific  Railway  would  still  be  a  work  of  the  future.  But  apart 
from  these  there  are  two  principal  reasons  why  this  branch  of  mining  is 
important  enough  to  warrant  a  detailed  notice  :  First,  because  placer 
mining  by  hydraulic  power  is  likely  in  a  short  time  to  become  a  most 
important  industry ;  and  secondly,  because  the  explorations  of  the  placer 
miner  point  out  almost  with  a  certainty  that  the  whole  mountain  range 
west  of  the  Rockies  between  the  International  Boundary  and  the 
Yukon  River  will  eventually  become  most  important  and  valuable 
from  the  mineral  deposits  in  its  veins  and  ledges.  As  was  stated  in  the 
paper,  there  is  a  large  amount  of  ground  in  the  vicinity  of  most  of  the 
old  placer  mining  camps,  which  will  at  least  yield  a  fair  profit,  if  not 
more,  when  worked  by  hydraulic  power.  He  referred  either  to  places 
from  which  the  richer  deposits  have  been  mined,  or  to  localities  such  as 
many  of  the  streams  in  the  Cariboo  district,  where  from  various  difficul- 
ties the  deep  channels  have  never  been  bottomed.  These  are  now  being 
tested,  and  in  the  near  future  from  such  ground  alone  the  writer  pre- 
dicts that  most  important  results  may  be  expected.  In  addition  to 
this  there  is  at  least  a  probability  that  new  discoveries  will  be  made. 
It  must  be  remembered  that  the  country  i«  rough,  mountainous  and 
exceedingly  difficult  to  explore,  and  that  even  if  passed  over  by  pros- 
pectors without  results,  this  does  not  demonstrate  definitely  that  there 
is  no  gold.  A  very  good  instance  of  this  is  the  discovery  of  Granite 
Creek  in  1885,  after  having  been  passed  over  by  hundreds  of  miners 
and  prospectors  in  the  early  days.  An  important  discovery  has  been 
made  on  a  branch  of  the  Quesnelle,  which  bids  fair  to  rival  some  of  the 
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old  discoveries,  and  which  is  supposed  to  locate  an  old  and  extensive 
channel  hitherto  unknown.  Several  strong  companies  have  located 
ground,  and  are  now  drifting  to  strike  bed  rock  in  this  channel  with 
very  encouraging  results.  Only  a  few  days  ago  the  speaker  saw  an  item 
in  one  of  the  papers,  stating  that  a  hydraulic  "giant"  of  the  largest 
and  most  improved  type  was  now  laying  in  the  Canadian  Pacific  Rail- 
way sheds,  Vancouver,  awaiting  shipment  to  Quesuelle  River  for  the 
South  York  Hydraulic  Mining  Co.  This  is  fitted  with  a  ball  and 
socket  joint,  15  foot  discharge  pipe,  deflector  and  7  inch  nozzle,  which, 
it  is  claimed,  will  discharge  1,800  miners'  inches,  equal  to  about  36 
cubic  feet  per  second.  The  head  is  300  feet,  and  the  water  will  issue 
from  the  nozzle  with  a  velocity  of  about  130  feet  per  second.  The  re- 
sult of  mining  with  such  appliances  and  on  an  extensive  scale,  even  in 
abandoned  ground,  will,  the  speaker  considers,  largely  increase  the 
annual  yield  of  gold  in  the  Province,  andcreatean  industry  much  more 
lasting  and  permanent  than  ordinary  placer  mining. 

The  discoveries  and  explorations  of  the  placer  miners  are  also  valuable 
and  important,  as  indicating  with  a  fair  amount  of  certainty  that  a 
large  and  extensive  mountain  district,  extending  from  the  International 
Boundary  on  the  south  to  the  Yukon  River  on  the  north,  a  distance  of 
about  1,400  miles,  will   eventually  develop   rich  and  extensive  mineral 
deposits  from  its  veins  and  ledges.     This  is  not  merely  a  plausible 
hypothesis,  but  is  largely  borne  out  by  facts  from  British  Columbia 
itself,  from  California  and  elsewhere  in  the  United  States,  from  Aus- 
tralia, and  in  fact  almost  without  exception  from  every  country  where 
gold  has  been  mined  on  au  important  scale  from  alluvial  washings. 
Such  gold  has  been  traced  to  its  sources,  and  important  quartz  discover- 
ies made  and  developed.    So  it  is  in  British  Columbia,  in  the  southern 
and  more  accessible  parts  of  the  Province  this  has  been  proved,  and 
promising  ledges  are  known  to  exist  in  isolated  parts  of  the  same  moun- 
tain range  at  Lillooet,  Cariboo,  Omineca,  Cassiar,  and  further  north  on 
the  Yukon  River,  and  it  can  fairly  be  assumed  that  intermediate  por- 
tions between  these  places,  when  explored,  will  show  ledges  and  veins 
equally  as  promising.     The  connection  between  placer  mining  and  vein 
mining  then  is  stronger  than  would  at  first  appear,  and  it  was  the  au- 
thor's wish  to  point  out  that  placer  mining  is   still  going  on,   and  that 
important  developments  are  almost  certain ^to  follow  when  washing  on 
an  extensive  scale  by  hydraulic  power  is  adopted  ;  and  further,  for  rea- 
sons already  given,  that  the  discoveries  of  rich  placers  in  the  northern 
part  of  the  Province  indicate  almost  to   a  certainty  that  the  same 
localities  will  prove  equally  valuable  from  their  veins  and  ledges. 


Thursday,  7th  May. 

P.  W.  ST.  GEORGE,  Member  of  Council,  in  the  chair. 

Paper  No.  53. 

RAILWAY  CURVES. 

By  H.  K.  Wicksteed,  B.A.Sc,  M.  Can.  Soc.  C.E. 

As  railways  have  become  more  numerous,  and  have  pushed  their 
way  into  regions  where  traffic  is  thin  or  competition  has  become  very 
keen,  the  study  of  the  "  economics  "  of  operation  has  come  to  be  more 
general  among  railway  men,  and  the  influence  of  the  different  elements 
of  location  on  the  cost  of  running  and  maintenance  better  understood. 

The  earlier  railways  built  through  districts  where  trade  was  already 
established,  and  having  only  waggon  roads  to  compete  with,  had  merely 
to  secure  a  good  safe  road  at  some  reasonable  cost,  ;md  their  traffic 
and  dividends  were  assured ;  but  with  competition,  and  in  the  case  of 
roads  runniug  in  advance  of  settlement,  it  became  often  necessary  to 
secure  the  very  greatest  operative  economy  in  the  one  case  and  the 
very  lowest  constructive  cost  in  the  other,  in  order  to  admit  of  the  road's 
becoming  a  financial  success. 

There  are  three  elements  in  the  location  of  a  railway  between  two 
given  points,  which  can  be  utilized  more  or  loss  interchangeably  to 
reduce  its  cost  below  that  of  the  straight  line  on  plan  and  profile,  which 
represents  the  perfect  line. — increase  in  distance,  curvature  and  gra- 
dients, and  all  have  a  more  or  less  detrimental  effect  on  the  operative 
value.  In  all  roads  they  all  three  are  made  use  of  to  some  extent,  but 
even  at  the  present  day  there  is  evidently  a  very  marked  difference  of 
opinion  as  to  their  relative  hurtfulness.  In  our  older  trunk  roads,  as 
in  the  English  lines  on  which  they  were  modelled,  the  first  two  seem  to 
have  been  avoided  at  almost  any  cost.  As  nearly  an  air  line  as  possi- 
ble was  obtained,  and  such  gradients  resorted  to  as  would  fit  the 
ground  without  excessive  work. 

In  the  case  of  the  English  lines,  the  long  rigid  wheel  base  of  cars 
and  engines  limited  greatly  the  radius  of  the  curvature,  which  could 
be  used  witb  safety,  and  with  very  flat  curves,  opportunities  for  re- 
ducing the  pitch  of  gradients  by  lengthening  the  distance  did  not  so 
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often  occur;  but  even  since  the  universal  adoption  of  the  swivelling 
truck  on  all  rolling  stock  on  this  continent,  there  still  remained  a 
marked  repugnance  to  going  even  a  very  little  way  off  the  general 
bearing  to  secure  an  easier  line,  and  railways  even  of  the  very  cheapest 
class  were  run  up  hill  and  down,  almost  as  the  crow  flies;  and  to  bring 
the  cost  within  the  means  of  the  promoters,  such  gradients  were 
adopted  as  have  in  many  cases  completely  ruined  their  earning  powers 
for  all  time  to  come. 

Far  be  it  from  me  to  urge  the  promiscuous  use  of  sharp  curves 
and  the  practice  of  running  around  every  trifling  obstacle,  which  is  the 
opposite  extreme  towards  which  some  engineers  belonging  to  a  later 
school  have  gravitated. 

The  best  location  for  a  road  depends  on  many  things — the  purpose 
for  which  the  road  is  built,  the  direction  and  volume  of  traffic,  and 
the  capital  available,  etc.,  etc.,  and  no  hard  and  fast  rule  can  be  laid 
down  for  general  adoption.  All  I  wish  to  point  out  is,  that  where, 
from  financial  weakness  or  other  cause,  it  becomes  necessary  to  choose 
between  a  somewhat  circuitous  route  having  easy  grades  and  a  com- 
paratively straight  one  with  heavy  grades,  the  former  will  in  a  large 
majority  of  cases  be  the  proper  one  to  adopt,  even  if  the  difference  in 
distance  be  quite  considerable,  and  that  where  the  choice  is  merely 
between  sharp  curves  and  heavy  gradients,  there  can  seldom  be  reason 
for  any  hesitation  whatever. 

The  financial  reasons  for  this  are  not  difficult  to  understand.  On  a 
straight  level  track,  train  resistances  at  moderate  speeds  amount  to 
about  6  lbs.  per  ton.  On  a  10°  curve,  this  is  about  doubled,  in  other 
words,  the  increased  resistance  due  to  a  10°  curve  is  only  the  same 
that  we  should  have  on  a  grade  of  ih  per  cent,  or  16  feet  per  mile. 

Yet  how  often  we  see  grades  of  60  to  80  feet  per  mile  used  in  con- 
junction with  curves  of  3°  or  4°,  where  the  use  of  sharper  curves 
would  have  made  a  longer  rise  at  say  one-half  that  rate  practicable  at 
the  same  cost  and  allowed  of  the  train  load  being  doubled.  No  rail- 
way manager  needs  to  be  told  what  an  economy  is  effected  by  adding 
even  3  or  4  cars  to  his  trains. 

There  are,  however,  other  factors  besides  the  low  cost  of  hauling, 
which  enhance  the  popularity  and  earning  powers  of  a  road — speed, 
safety  and  comfort  in  the  running  of  trains  and  the  cost  of  maintenance 
of  track  and  rolling  stock. 

As  regards  the  effect  of  curvature  upon  the  first — speed, — 10° 
curves  can  be  traversed  and  are  traversed  every  day  at  30  miles  per 
hour;  and  with  modern  air  brake  equipment  the  loss  of  time  caused  by 
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slackening  the  speed,  from  the  ordinary  maximum  of  50  miles  for  an 
occasional  curve,  a  few  hundred  feet  in  length,  is  very  small,  while 
even  with  ordinary  passenger  trains  the  effect  of  steep  gradients  in 
retarding  speed  is  constantly  felt.  Freight  trains  very  seldom  travel 
more  that  the  30  miles  per  hour  in  any  case,  so  that  the  curve  does 
not  affect  them  at  all,  whereas  the  gradients  are  all  important  to  them 
ad  limiting  the  weight  and  length,  and  practically  fixing  the  minimum 
remunerative  tariff. 

2nd.  Safety. — No  one  will  or  can  deny  that  curves  are  more  or  less 
an  element  of  danger — both  in  increasing  the  liability  to  derailment 
and  in  obstructing  the  view  of  the  track  ahead  ;  but  both  theory  and 
practice  tend  to  show  that  while  a  mathematically  straight  track  is 
undoubtedly  a  great  boon — a  very  desirable  thing  indeed — the  ten- 
dency to  danger  on  curves  from  both  causes  is  (within  moderate  limits) 
almost  independent  of  the  radius  of  curvature.  Centrifugal  force 
increases  inversely  as  the  radius ;  but  it  is  a  fact  not  generally  or, 
at  any  rate,  not  fully  realized,  that  centrifugal  force  accounts  only  for 
a  portion  of  the  derailing  tendency,  the  balance  being  caused  by  the 
necessity  for  the  wheels  to  slip  on  the  rail,  both  in  a  direction  parallel  to 
the  axle — owing  to  the  want  of  parallelism  between  the  latter  and  the 
radius  of  the  curve,  and  also  in  a  longitudinal  direction,  owing  to  the 
outside  wheel  being  obliged  to  roll  further  than  the  inside  ;  this  slipping 
or  sliding  friction  is  in  accordance  with  the  laws  of  friction  generally 
and  practically  independent  of  the  speed,  and  at  very  low  speeds 
there  is  practically  no  more  flange  pressure  against  the  side  of  the  rail 
on  sharp  curves  than  on  flat  ones.  Sharpen  the  curve  to  the  extreme 
limit  possible,  and  the  wheel  will  at  last  mount  the  rail,  not  because 
the  directive  force  exercised  by  the  rail  is  greater,  but  because  the 
obliquity  of  the  plane  of  the  wheel  to  the  rail  becomes  greater  than 
the  angle  of  friction  between  the  two. 

Turnouts  with  curvatures  of  6°  and  more  are  traversed  daily  and 
hourly  by  express  trains,  at  speeds  of  20  to  30  miles  an  hour  on  our 
best  roads,  although  there  are  in  the  case  of  the  turnout  the  additional 
elements  of  danger  caused  by  the  break  in  continuity  of  the  outside 
rail  at  the  frog,  and  the  absence  of  superelevation  to  counteract  the 
centrifugal  force,  as  also  that  the  turnout  is  nearly  always  very 
nearly  a  reversed  curve,  the  tangent  from  the  point  of  frog  being  seldom 
more  than  30  or  40  feet.  A  well  laid  8°  curve  on  the  open  road  is 
vastly  safer  at  30  miles  than  the  turnout  at  20.  Yet  we  constantly  see 
this  anomaly  of  6°  turnouts  traversed  by  the  same  trains  on  the  same 
roads  where  on  the  open  road  a  2°  or  3°  standard  has  been  enforced  at 
a  heavy  cost. 
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With  regard  to  the  obstruction  of  view  by  a  curve,  it  needs  no 
demonstration  to  shew  that  a  rock  bluff  or  building  close  to  the  track 
will  limit  the  range  of  vision  on  a  2°  curve  to  within  a  few  feet  of  what 
it  is  on  a  10°  ;  and  unless  we  can  eliminate  the  curvature  altogether, 
we  can  gain  little  in  this  respect  by  lengthening  the  radius.  There  are 
without  doubt  many  accidents  attributable  more  or  less  directly  to 
curvature,  but  in  very  few  of  those  which  I  have  had  an  opportunity  of 
inquiring  into  does  it  seem  to  me  that  the  radius  of  curvature  had 
much  effect,  and  in  many  it  would  appear  that  some  defect  in  the  roll- 
ing stock  was  the  direct  cause,  although  perhaps  even  with  this  defect 
existeut  the  accident  would  hardly  have  occurred  elsewhere  than  on  a 
curve.  The  recent  accident  on  the  Intercolonial  at  St.  Joseph,  for 
instance,  is  a  case  in  point,  and  appears  to  me  distinctly  traceable  to  the 
manner  in  which  the  brake  beams  and  shoes  are  generally  hung  on  pas- 
senger cars.  One  shoe  presses  the  front  side  of  the  leading  wheel,  and 
in  a  majority  of  cases  at  a  point  a  little  below  (sometimes  far  below) 
the  axle,  the  friction  of  the  wheel  tends  to  lift  it ;  and  once  lifted, 
if  the  brake  is  below  the  centre,  it  cannot  drop  again  until  the 
brake  is  released.  Now,  imagine  the  car  body  inclined,  owing  to 
superelevation  of  the  track,  and  bearing  rather  more  heavily  on  tbe 
inside  springs  and  compressing  them,  the  brakes  are  applied  and  the 
wheel  is  clamped  in  this  position.  Before  they  are  released  the  cant 
is  reversed  and  the  wheel  is  lifted,  or  at  any  rate  the  pressure  on  the 
rail  is  so  reduced  that  it  mounts  the  rail  with  great  ease.  The  author 
has  so  often  seen  this  lifting  action  where  he  has  watched  wheels  to 
which  the  brakes  were  suddenly  applied  with  full  pressure,  that  he  has  no 
doubt  whatever  that  this  was  the  cause  of  the  derailment  in  question, 
as  of  many  other  similar  ones.  We  generally  read  in  the  evidence 
that  the  brakes  have  been  applied,  and  that  within  a  few  seconds  the 
derailment  occurs.  In  the  case  of  engine  derailments  we  seldom  or 
never  hear  of  the  leading  truck  getting  off — there  are  no  brakes  on  it ; 
seldom  or  never  of  the  leading  truck  of  the  tender  leaving  the 
rails — the  close  coupling  to  the  engine  prevents  this ;  but  the  rear 
truck  is  constantly  being  derailed,  and  very  often  from  the  cause 
pointed  out,  and  which,  by  the  way,  was  very  ably  discussed,  and  the 
remedy  pointed  out  in  a  recent  issue  of  the  Engineering  News. 
So  much  for  the  elements  of  danger  inherent  in  curvature. 

On  the  other  hand,  some  of  the  most  terrible  accidents  which  have 
ever  appalled  us  have  been  directly  caused  by  gradients.  The  Irish 
disaster  at  Armagh  is  one  of  the  most  destructive,  and  a  similar  one 
occurred  some  years  ago  on  the  Southern  Pacific.     These  are  directly 
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chargeable  to  heavy  grades,  and  a  number  of  others  are  indirectly 
chargeable  to  the  same  cause  in  this  way.  A  train  is  timed  to  make, 
say,  45  miles  per  hour  between  stations  on  a  road  having  heavy  undu- 
lating gradients.  On  the  up  grade  this  is,  let  us  assume,  impossible, 
and  the  speed  falls  to  25  miles  at  the  head  of  it.  Assuming  the  next 
summit  to  be  of  the  same  elevation,  the  speed  at  the  bottom  of  the  sag 
must  be  in  order  to  keep  up  the  average  65  miles  per  hour — this  is  so 
easy  to  attain  on  the  down  grade  that  it  is  very  common  indeed  ;  but 
when,  as  is  often  the  case,  the  line  is  complicated  at  the  bottom  by  curves, 
structures,  or  by  frogs  and  switches,  it  is  by  no  means  a  safe  speed, 
and  the  consequences  are  often  disastrous.  Breaking  away  is  also  a 
fruitful  cause  of  trouble  on  steep  grades. 

3rdly.  Comfort. — Probably  the  most  serious  argument  of  all  against 
the  use  of  sharp  curves  as  commonly  introduced  is  the  discomfort 
which  they  cause  to  passengers  (especially  to  those  in  sleeping  cars) 
when  traversed  at  high  rates  of  speed.  Travelling  over  a  long  stretch 
of  one  of  our  trunk  roads  not  long  ago,  the  author  was  several  times 
hurled  across  the  car  while  endeavouring  to  dress,  and  the  impact  was 
so  violent  at  times  that  it  was  difficult  to  persuade  himself  that  there 
was  not  something  of  danger  as  well  as  discomfort. 

Steep  grades,  on  the  contrary,  whatever  may  be  their  effects  on  the 
pockets  of  the  shareholders  or  the  safety  of  the  passengers,  do  not 
influence  the  comfort  of  the  latter,  and  the  average  one  merely  wonders 
why  the  train  is  moving  so  slowly  at  the  top  of  a  grade,  or  experiences  a 
slight  exhilaration  when  it  nears  the  bottom,  and  that  is  all  about  it. 
Lastly,  maintenance  of  way  and  wear  and  tear. 
There  is  certainly  quite  a  difference  in  this  respect  between  the  curve 
and  the  straight  line,  but  there  is  also  a  great  difference  between  the 
grade  and  the  level  and  between  the  heavy  grade  and  the  light.  Creep- 
ing and  buckling  of  rails,  use  of  sand  to  aid  adhesive  broken  links, 
frequent  application  of  brakes,  all  tend  to  keep  both  the  roadmasters 
and  the  mechanical  departments  busy,  and  run  up  the  cost  of  repairs. 
And  here  again  we  find  that  it  is  curvature  "  per  se  "  which  makes 
the  trouble,  and  the  radius  of  curvature  has  a  comparatively  small 
effect.  In  other  words,  having  90°  of  curvature,  it  makes  little  differ- 
ence whether  it  is  present  as  3000  feet  of  a  3°  curve  or  as  900  ft.  of 
a  10°,  and  it  is  constantly  maintained  that  as  far  as  repairs  to  roads 
are  concerned,  3000  ft.  of  3°  curve  is  a  little  more  expensive  than  900 
ft.  of  a  10°,  and  2100  ft.  of  tangent.  Without  asserting  this,  the  author 
is  content  to  believe  that  under  ordinary  circumstances  they  are 
nearly  equal. 
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We  have  Been  then  above  that  only  in  the  item  of  comfort  to  passen- 
gers is  there  much  to  be  said  against  the  use  of  much  sharper  curves 
than  those  in  ordinary  use,  say  up  to  8°  or  10°. 

Whether  the  author  is  right  or  wrong  in  his  conclusions  as  above, 
it  is  certain  tliat  the  tendency  is  towards  their  use,  and  towards 
flattening  the  grades  as  much  as  possible.  This  is  a  money-making 
aire,  and  whereas  the  question  of  grades  is  one  of  dollars  and  cents 
from  first  to  last,  the  objection  to  curves  is  admitted  even  by  those 
most  opposed  to  them  to  be  largely  a  matter  of  sentiment.  The 
average  business  man  will  buy  an  accident  ticket,  and  risk  his  life 
on  the  crookedest  of  roads,  but  he  will  not  invest  his  money  in  a  road 
which,  owing  to  the  cost  of  operation,  will  not  pay  dividends. 

When  money  is  scarce,  and  heavy  work  cannot  be  resorted  to  to 
reduce  gradients,  we  have  no  choice,  therefore,  very  often  between  a 
crooked  road  and  no  road  at  all.  And  there  is  this  strong  argument 
on  a  new  road  in  favour  of  adopting  sharp  curves  rather  than  heavy 
grades,  that  having  a  rise  of  say  320  ft.  in  4  miles  or  80  ft.  per  mile, 
connecting  two  level  or  nearly  level  stretches,  it  is  impossible  to  re- 
duce this  hereafter  to  8  miles  of  a  40  ft.  grade  otherwise  than  by  the 
complete  abandonment  of  at  least  8  miles  of  road, — no  part  of  the  ori- 
ginal road  will  serve  for  the  altered  one.  Whereas  a  few  sharp  curves 
can  often  be  taken  out  or  reduced  by  gradually  cutting  into  a  hillside 
at  one  point,  and  filling  out  at  anotlier ;  and  the  cost  of  doing  this,  dis- 
tributed over  several  years,  during  which  the  road  is  earning  money, 
will  scarcely  be  felt,  although  it  would  have  been  serious  and  perhaps 
prohibitive  if  undertaken  in  the  first  place. 

This  practice  of  opening  roads  at  the  earliest  possible  moment,  and 
improving  them  as  growing  traffic  warrants  the  expense,  has  become 
so  very  common  and  is  so  eminently  reasonable  and  sensible,  that  this 
is  in  itself  in  many  cases  sufficient  reason  to  decide  the  choice  between 
the  two  hurtful  elements. 

In  a  majority  of  lines  the  traffic  is  light  in  the  first  place,  and  gra- 
dually increases.  Hence,  for  the  first  few  years  we  must  endeavour  to 
keep  the  capital  cost  and  fixed  charges  as  low  as  possible,  they  being 
the  heaviest  charges  against  the  revenue.  As  the  traffic  grows  the 
maintenance  account  grows  almost  in  the  same  ratio,  and  becomes  of 
greater  relative  importance,  hence  we  are  justified  in  increasing  the 
capital  account  to  diminish  it. 

Without  further  discussion  as  to  why  and  wherefore,  when  and  where 
they  should  be  used,  which  is  a  little  foreign  to  the  purpose  of  this 
paper,  the  author  proposes  to  investigate,  supposing  sharp  curves  to  be 
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adopted,  what  their  form  should  be,  and  how  we  may  best  make  them 
as  little  hurtful  and  as  comfortable  to  ride  over  as  may  be. 

To  overcome  the  evil  effects  of  centrifugal  force  it  is  the  common 
practice,  as  every  one  knows,  to  elevate  the  outer  rail  to  an  amount 
which  varies  with  the  speed  intended.  This  amount  is  generally  put 
down  at  .05  feet  for  every  degree  of  curvature  corresponding  to  a  speed 
of  30  miles  per  hour,  and  the  results  are  good  for  the  ordinary  range 
of  curves.  The  author's  own  experience  is  that  this  gives  rather  too 
much  for  the  very  sharp  curves,  which  are  run  over  at  low  speeds,  and 
not  enough  for  the  flat  ones;  but  for  curves  from  1°  to  8°,  this  rule  is 
as  good  probably  as  any. 

Once  the  car  is  on  the  curve,  this  elevation  or  cant  is  quite  effective 
in  counteracting  the  centrifugal  force,  and  whether  slightly  too  much 
or  too  little  matters  little,  as  the  body  quickly  adjusts  itself  a  little  out 
of  the  perpendicular  to  correct  the  deficiency  or  surplus.  With  6 
inches  elevation  we  may  ride  around  a  10°  curve  at  30  miles  an  hour, 
and  experience  neither  danger  nor  discomfort ;  but  if  we  change 
abruptly  from  a  straight  line  to  a  10°  curve,  we  must  either  have  the 
track  insufficiently  elevated  on  the  curve,  or  have  6  inches  of  elevation 
on  the  tangent,  and  in  either  case  we  have  a  sharp  jerk  as  the  car 
strikes  the  curve,  after  which  it  travels  steadily  enough  until  it  leaves 
it  again,  when  another  minor  lurch  is  experienced. 

The  reason  for  the  harder  lurch  at  the  beginning  of  the  curve,  the 
author  has  never  seen  explained,  except  as  the  effect  of  insufficient  elev- 
ation at  the  point  of  curvature  ;  but  an  additional  cause  is  as  follows  : 
On  the  tangent   the  truck  frame  is  parallel  to  the  axis  of  the  cars 
and  both  wheel  flanges  are  travelling  clear  of  the  rail,  and  generally 
owing   to    play,  slack  gauge,  and  worn  flanges  an  inch  or  more  from 
it.    Avery  simple  calculation  will  show  that  with  this  1  inch  of  play 
the  truck  will  run  straight  on  a  10°  curve  for  some  10  feet  before  the 
flange  will  come   in  contact  with  the  rail,  and  the  change  in  direction 
is  then  angular  instead  of  circular,  hence  the  lurch  which  no  amount 
of  superelevation  will  counteract.     It  is    on  this  account  that  widened 
gauge  and  derailments  almost  invariably  occur  at  the  ends  of  curves. 
There  is  not  only  an  angular  change  in  the  motion  of  the  car  far  more 
marked  than  at  any  other  portion  of  the  curve,  but  there  is  the  impact 
of  the  flange  against  the  rail,  and  the  sudden  almost  instantaneous 
change  in   direction  of  the  truck  itself  with  reference  to  the  car  body. 
The  want  of  freeness  in  swivelling  motion    of  the  truck,   owing  to  an 
excessive  bearing  on  the  friction  blocks  or  other  cause,  is  another  very 
fruitful  cause  of  derailment. 
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To  obviate  this  shock  at  the  ends  of  curves,  various  forms  have  been 
proposed  —parabolic,  logarithmic  and  others;  but  these  are  not  only  so 
cumbersome  to  lay  out  as  to  be  almost  useless  in  practical  location, 
but  do  not  always  effect  the  desired  object. 

It  will  be  seen  from  the  foregoing  that  the  perfect  curve  is  one  in 
which  the  radius  gradually  and  regularly  diminishes  from  infinity  to 
the  minimum  in  such  a  distance,  that  the  superelevation  is  not  accom- 
plished by  a  steep  rise  or  fall  in  either  rail.  This  minimum  radius  and 
maximum  elevation  is  then  retained  to  within  the  same  distance  of 
the  end,  when  the  reverse  process  takes  place.  At  a  gradient  of  1  in 
600  the  maximum  for  a  10°  curve  of  0.5  feet  will  be  attained  at  300 
feet,  and  at  every  30  feet  .05  feet  corresponding  to  1°  curvature 
should  be  gained.  The  degree  of  curvature  at  any  point  on  this 
300  feet  should  be  directly  proportional  to  its  distance  from  the  point 
of  curvature.  Call  the  latter  P.  Fig.  1.*  and  the  ends  of  the  several 
30  ft.  Chords.  P[  P,  P3...  P,0,  then  the  curvature  is  represented 
at  any  of  them  by  its  corresponding  index" number,  1.°  2.°  3.°  etc. 
This  curve  is  luckily  not  only  theoretically  the  best  for  the  purposes 
but  easy  to  run  in  on  the  ground  either  with  the  transit  or  by  offsets 
from  the  tangent  and  from  the  final  curve  produced,  and  the  effect  on 
the  easy  riding  of  the  car  is  marvellous.  Any  length  of  chord  may  be 
used,  the  longer  for  flatter  curves,  on  which  high  speed  is  contempla- 
ted, the  shorter  for  sharper  curves  than  10°,  when  it  is  difficult  perhaps 
to  get  sufficient  room  for  the  longer.  For  ordinary  practice  the  30  feet 
or  1  rail  length  will  be  found  very  convenient  for  use. 

Let  P  P10  in  Fig.  1  be  such  a  curve  uniformly  accelerating  from  0° 
at  P  to  10°  at  Pjo,  whence  it  remains  constant.  The  mean  curvature 
will  be  5°,  and  the  length  being  300  feet  the  total  deflection  is  15°, 
represented  by  the  angle  Tj  I  S.  In  like  manner  it  may  be  demon- 
strated that  the  total  deflection  at  P2  is  1°  x  .ti  =  36' ,  at  P4  144'  or 
2°  2i',  in  fact  proportional  to  the  squares  of  the  index  numbers. 

It  can  also  be  demonstrated  that  the  tangential  angles   T,  P  P 
T,  P  P2,  etc.,T,  P  FI0  are  i  of  the  total  deflections,  and  are  also  propor- 
tional to  the  squares  of  the  index  numbers,  the  series  being  3  ,  12',  27'- 
48',  etc.,  up  to  5°. 

Here  then  we  have  the  means  of  running  in  the  curve  with  equal 
ease  to  a  circular  arc,  setting  the  transit  at  P,  and  turning  of  the 
angles  corresponding  not  to  the  distances  themselves  but  to  the 
squares  of  those  distances.  Arrived  at  Pu<  we  put  in  a  hub,  move  the 
transit  up,  and  sighting  back  at  P  turn  off  10°  to  the  tangent  Pk>  S, 
whence  we  can  run  the  10°  curve  in  the  ordinary  way. 
*  See  page  417. 
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Arrived  at  the  other  end  of  the  curve,  the  process  is  quite  simple, 
although  a  little  more  figuring  is  involved. 

Suppose  we  have  run  the  curve  round  to  Pio  from  C,  and  we  wish 
to  run  the  transition  curve  from  Pio  to  P.  Producing  the  10°  curve 
towards  P,  it  will  be  seen  at  once  that  the  transition  curve  leaves  it  at 
precisely  the  same  rate  as  it  leaves  the  tangent  in  starting  from  P, 
and  the  series  of  angles  will  be  the  difference  between  those  for  a  10° 
curve  and  those  given. 

P  9  will  be    5°  x  .3  =  1°30  less  3'  =  1°  27'  (I  being  0  ) 
PH    "    "     5°  x  .6  =  3°         "    12'  =  2°48' 
P7    "    "     5°x.9  =  4°30    "    27'=4°  03' 

etc.,  etc.  etc.,  etc. 

P       «    "         5°  x  3  =  15°       "      5°  =  10°  00' 

If  tt  be  the  tangent  to  the  10°  curve  produced,  until  parallel 
to  TT,  it  will  be  evident  that  the  point  of  tangent  is  opposite  P5, 
or  midway  of  the  transition  curve,  and  from  the  foregoing  that 
P5  is  equidistant  from  the  circular  curve  and  from  the  tangent 
on  either  side  of  it.  Mathematically,  this  is  not  exactly  true,  but  for 
the  purpose  we  are  considering  it  is  practically  so.  A  little  consider- 
ation will  show  that  as  in  the  circular  curve  the  offsets  from  the  tan- 
gent are  proportional  to  the  squares  of  the  distances  from  the  origin, 
so  in  this  curve  we  are  considering  the  corresponding  offsets  from  TT 
to  the  point  Pi  P2  etc.,  are  proportional  to  the  cubes  of  the  distances 
or  to  the  cubes  of  the  index  members,  and  correspond  to  the  series 
1  8,  27,  64,  etc.,  1000,  the  tangential  offset  for  Pl  can  be  calcu- 
lated to  be  .02615,  hence  that  for  P5  it  will  be  .02615  x  125  or  3.27, 
and  the  rectangular  distance  will  be  between  TT  and  tfi  double  of  this, 
or  6.54. 

This  property  of  the  curve  under  discussion  has  caused  Mr.  Wel- 
lington, who  first  called  attention  to  it  in  print,  to  designate  it  the 
"  cubic  parabola." 

The  circle  being  the  "  simple  "  curve,  having  the  tangential  angles 
proportional  to  the  distances,  this  curve  might,  from  the  peculiarity 
mentioned  above,  be  called  the  "  quadratic  "  curve. 

As  the  parabola  is  practically  coincident  with  the  circle  for  small 
arcs,  so  the  cubic  parabola  is  practically  identical  with  the  quadratic 
curve  for  small  arcs,  and  the  formulae  for  either  may  be  used  inter- 
changeably on  transition  curves  of  small  total  angle ;  but  if  carried  on, 
the  two  will  soon  separate  widely,  as  will  the  circle  and  parabola  with 
the  same  initial  radius  of  curvature. 

This  property  of  offsets  suggests  another  method  of  running    in  the 


Wicksteed  on  Railway  Guides. 


191 


curve,  which  in  certain  situations  is  easier  and  more  expeditious  than 
the  preceding. 

Run  the  10°  curve  round  to  the  end  at  P5,  offset  the  tangent  6.54 
ft.,  put  in  P  on  this  tangent  150  ft.  from  P5,  and  then  offset  the  stakes 
Pi  to  P4  from  the  tangent  and  P6  to  P9  by  corresponding  amounts  from 
the  curve. 

In  some  situations,  and  notably  where  it  is  required  to  readjust  old 
curves  without  incurring  too  much  work,  the  displacement  of  6^  feet 
will  be  found  too  great.  In  such  cases  it  should  be  remembered  that 
with  chords  of  even  half  the  length  assumed,  or  15  feet,  there  would 
be  a  rise  in  the  outer  rail  of  only  1  in  300,  which  is  by  no  means 
excessive.  Dividing  the  chord  by  2  has  the  effect  of  reducing  the 
total  displacement  to  \  of  the  original,  or  1.6  feet,  an  amount 
which  can  generally  be  easily  attained,  half  the  displacement  being 
placed  on  the  curve  and  half  on  the  tangent.  To  avoid  cutting  rails 
and  altering  the  length  of  old  track,  the  central  portion  of  the  curve 
should  be  sharpened  and  the  crown  thrown  slightly  outside  that  of  the 
original  curve.   Fig.  2. 


Fig.  2. 

ZDoiiect  —    22zpere££     " 

Lot  us  suppose,  Fig.  3,  that  we  have  a  very  common  location  problem 
— two  fixed  tangents  intersecting  at  a  given  angle — it  is  required  to 
fix  the  point  of  curvature  P  on  each,  of  a  curve  of  given  radius  con- 
nected with  the  tangents  by  transition  curves. 
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Let  P  T  and  P\  1\  be  the  given  tangents  intersecting  at  the  point  / 
with  an  angle  of  say  60°,  it  is  required  to  connect  them  with  a  10° 
curve  tapered  at  the  ends  by  transition  curves  of  300  ft.  in  length,  as 

in  Fig.  1. 

We  wish  to  find  the  distance  i3,  or  the  subtangent  of  the  curve.  We 
have  seen  that  the  total  displacement  of  the  tangents  from  those  of 
the  simple  curve  produced  is  6.54  ft. ;  produce  the  central  curve  both 
ways,  and  draw  the  parallel  tangents/*  t  and  pi  t\  intersecting  at  i,  draw 
the  middle  radius  /  i  cx  c,  and  let  fall  a  perpendicular  i  a  from  i  upon 
P  T  and  p  b  from  p  upon  P  T,  then 

PI=  Pb+pi  +  la,  Pb  is  by  Fig.  1  -   150  feet. 
la  =  ia  x  cotan  £1  =  6.54  cotan  60°  =      3.8  " 
and— pi  =  573  tan  61°  =  573  x  tan  30°  -  330.8  " 

2 

therefore  PI  =  484.6  " 

It  will  often  be  desirable  to  know  how  far  the  tapered  curve  falls 
inside  the  simple  curve,  connecting  the  same  tangents  represented  by 
C  C  in  the  figure  ;  in  other  words,  what  is  the  difference  in  the  crown 
distance  Ic,  =  ic,  since  they  both  represent  the  crown  distances  for  two 
curves  of  the  same  radius,  and  having  the  same  central  angle  ;  therefore 

CG\  =  U=  ia  sin  \PIPX  =  6.54  cosec  60°  =  7.55  feet. 

A  number  of  other  problems  might  be  given  similar  to  those  in  the 
field  books  for  circular  curves  ;  the  figuring  in  every  case  is  rather 
more  complex  than  for  simple  curves,  but  the  instrumental  work  is  no 
more  difficult,  and  once  the  reader  has  mastered  the  general  charac- 
teristics of  this  form  of  curve  he  will  readily  solve  them  for  himself,  and 
probably  be  able  to  demonstrate  the  correctness  of  the  results  much 
more  clearly  than  the  writer. 

The  author  wishes  to  say  further  that  with  compound  curves  the 
modus  operandi  is  entirely  similar,  the  tangential  angles  for  each  chord 
point  being  turned  off  from  the  corresponding  points  on  the  simple 
curve  produced  instead  of  from  the  tangent. 

Suppose  (Fig.  4*)  we  are  running  a  transition  curve  between  a  6° 
and  a  10°  curve,  the  difference  is  4°,  and  the  angles  are  precisely 
the  same  as  those  between  a  tangent  and  a  4°  curve. 

Let  P  Pi  P2  P3  PA  be  the  chord  points,  30  feet  apart  as  before.  Then 
the  angles  from  the  tangent  at  Pi  the  end  of  the  6°  curve,  will  be 
those  for  the  curve  produced  +  those  for  the  transition  curve. 

*  See  page  417. 
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P1,  3°  x    .30  +  0°03'=      .54'+    3'=      .57' 

P,,,  3°  x    .60  +  0°12'  =  1°48'  +  12'  =  2°. 00' 

P3,  3°  x    .90  +  0o27'  =  2°42'  +  27'  =  3°. 09' 

P4,  3°  x  1.20  +  0°48'  =  3°36'  +  4S'  =  4°.24' 

Moving  the  transit  up  to  P4  the  angle  between  PP4  produced  and 
the  tangent  at  P4  will  be 

3°  x  1.2  4-  0°  48'  x  2  =  3°  36'  x  1°  36'  =  5°  12' 

In  running  a  long  curve  over  rough  ground,  it  will  often  happen 
(perhaps  owing  to  unavoidable  errors  in  taking  the  notes  off  the  platted 
plan)  that  the  final  tangent  does  not  lie  quite  in  the  position  we  wish, 
but  parallel  to  it.  With  a  simple  curve  we  should  either  start  back 
to  the  beginning  and  try  it  again,  or  sharpen  or  flatten  the  end  a 
little  to  bring  it  into  position.  The  first  course  consumes  much  time, 
and  the  last  state  of  that  curve  is  sometimes  nearly  as  bad  as  the  first. 
The  second  method  savours  of  patch  work,  and  is  never  quite  satisfac- 
tory. The  transition  curve,  on  the  contrary,  affords  a  means  of  adjust- 
ing such  little  differences  with  great  accuracy,  leaving  the  curve  theo- 
retically as  perfect  as  if  it  had  come  out  right  in  the  first  place. 

Suppose  again  we  have  run  the  curve  in  Fig.  1  out  to  the  end  at  P 
and  we  wish  to  shift  the  tangent  2-|  feet  further  out  or  away  from  tt. 
The  offset  tt  was  6.54,  we  wish  to  make  it  9  feet.  We  have  merely 
to  increase  the  chord  length  in  the  proportion  of  the  square  roots  of 
these  offsets.  C  and  0  being  the  original,  and  Ci  and  Oj  the  new  chord 
and  offset; 

then .  -t  -  V^F^  -*  °'  - c  VlFWlP  35 

nearly,  the  initial  tangential  angle  will  be  3'.  5  the  total  length  of  tran- 
sition curve  350  feet,  and  the  total  deflection  3'. 5  x  3  x  102  =  1050' 
or  17°  30'  instead  of  15°.  We  have  merely  then  to  set  Pio  in  25  feet 
further  back  on  the  curve,  and  proceed  with  the  new  curve  in  the  same 
way  as  before. 

It  will  be  seen  that  tapered  curves  are  considerably  longer  than 
simple  ones  with  the  same  central  angle,  and  consequently  in  readjust- 
ing a  location  having  sharp  curves  of  contrary  flexure  separated 
by  short'tangents,  we  shall  have  to  still  further  reduce  these  tangents. 
This,  however,  matters  not,  for  the  objection  to  absolute  reversed  curves 
disappears  altogether  when  they  take  this  form.  Calling  angles  to  right 
+  and  to   left  —  in   the  reversed  curve,  the   curvatures  at  the   suc- 
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cessive  chord  points  are  4,°  3,°  2,°  1,°  0—  1,°— 2,°— 3,°,  etc.,  differ- 
ing  always  by  unity  as  before.  In  Fig.  5  we  have  a  reversed  transition) 
curve  between  two  5°  curves  of  contrary  flexure  with  the  same  pitch 
as  in  Fig.  1.  Merely  remembering  that  we  are  starting  from  a  5.° 
curve  instead  of  a  tangent,  we  can  set  up  on  P  and  run  through  to 
P10  just  as  easily  as  we  could  the  constant  curve  in  Fig.  1.  The  change 
in  curvature  is  the  difference  between  5.°  and — 5.°  or  10.°,  consequently 
the  total  length  and  total  offset  are  the  same  in  both  cases,  the  tan- 
gential angles  at  P  will  be 


Pi,  2Q30  x    .3- 

-       3'=      45'- 

-       3'=        42' 

} 

P,,  2°30  x    .6- 

-     12'=1.°30'- 

-     12'=  l.°18' 

(All  positive 

P,    2°30  xl.5- 

-1°15'=3.°45'- 

-1°15'=  2.°30' 

f  or  to  riaht. 

P^,2°30x     3 

— 5°00'=7.°30'- 

— 5°00'=  2.°30' 

J 

And  moving  up  to  P1*)  we  turn  off  for  the  tangent  of  the  5.°  curve 
at  that  point  2°30  x  3  =  7°.30— 10°  =  2°30'  or  2°30'  to  left. 

The  author  fears  he  has  already  exceeded  the  limits  which  such  a 
paper  as  this  should  occupy,  and  will  [content  himself  with  some 
remarks  on  the  treatment  of  curvature,  generally,  without  any 
further  mathematical  investigation,  which  he  feels  that  a  large 
number  of  the  members  of  the  Society  are  better  qualified  to  make 
than  he. 

Where  grades  and  curves  occur  in  conjunction,  it  is  good  practice  in 
location  to  flatten  the  former  for  the  distance  over  which  such  curves 
extend  by  an  amount  sufficient  to  neutralize  the  extra  resistance.  On 
a  10°  curve  therefore  the  grade  should  be  flattened  jn  or  thereabouts 
per  100  ft.  In  all  discussions  of  this  question  the  train  moving  up. 
wards  only  has  been  considered.  Mr.  A.  M.  Wellington,  for  instance, 
who  has  written  more  ably  and  exhaustively  on  location  questions 
than  any  one  who  has  preceded  him,  quite  neglects  to  take  into  account 
the  effect  of  this  curve  compensation  on  the  swiftly  moving  downward 
train.  He  shows  as  others  have  before,  and  as  any  practical 
railway  man  knows  for  himself,  the  bad  effects  of  a  sudden  change  of 
gradient  from  steep  to  flat,  in  causing  a  "  piling  up  "  of  the  rear  cars  of 
a  long  train  against  the  forward  ones,  which  are  meeting  with  more 
resistance,  often  causing  derailment  even  on  straight  track ;  and  he 
strongly  insists  on  long  vertical  curves  connecting  these  grades  of 
varying  pitch. 

Now,  with  compensated  curves,  this  retardation  is  doubled,  for  the 
engine  entering  the  curve  on  its  downward  path  experiences  not  only  the 
loss  of  the  accelerating  force  due  to  the  Ts0  per  cent,  grade,  but  the  resis- 
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tance  of  the  curve  as  well,  equivalent  to  another  td  or  T"ff  in  all,  and  the 
tendency  to  derailment  is  much  more  than  doubled  on  account  of  the 
curved  position  of  the  train  tending  to  force  the  center  cars  towards 
the  outside  of  the  curve,  or  in  the  same  direction  in  which  there  is 
already  a  strong  disposition  owing  to  centrifugal  force  and  the  want 
of  radiality  in  the  axles.  Here,  the  author  thinks,  is  another  fruitful 
oause  of  wreck,  to  freight  trains  especially,  which  has  not  been  fully 
1nvestigated  before,  and  which  has  led  to  an  unnecessary  prejudice 
against  curvature  per  se — unnecessary,  because  the  cure  is  easy.  And 
here  again  is  another  argument  in  favour  of  transition  curves.  Able 
authorities  contend  that  the  rate  of  change  in  the  gradient  should  not 
exceed  T2<j  per  100.  The  total  change  being,  as  we  have  shewn,  equi- 
valent to  ^  per  cent.,  the  vertical  curve  would  have  a  length  of  300 
ft.,  or  precisely  the  same  as  the  transition  curve  we  have  been  con- 
sidering ;  and  not  only  is  the  accelerating  force  urging  the  downward 
train  gradually  diminished,  so  that  its  loss  is  unhurtful,  but  the 
resistance  to  the  upbound  train  is  at  all  points  precisely  the  same, 
and  we  have  neither  in  plan  nor  profile  any  sharp  angles  or  transitions 
from  tangent  to  curve  or  from  steep  grade  to  flat. 

As  to  superelevation  of  outside  rail,  it  is  generally  conceded  that 
it  is  better  to  carry  this  to  the  full  amount  which  theory  demands 
for  the  highest  speed  practicable  on  the  curve,  and  that  it  is  better 
to  have  too  much  elevation  than  too  little.  The  author's  own  opinion  is 
that  the  ordinary  rule  of  st?  ft.  for  each  degree  corresponding  to  a 
30  mile  speed  is  rather  too  little  for  the  flat  curves  from  0  to  4°, 
about  right  at  6°,  and  altogether  too  much  for  sharp  curves  from  10° 
to  20°,  and  that  an  excessive  elevation  is  more  dangerous  than  the 
reverse,  causing  as  it  does  at  low  speeds  a  diminution  of  weight  on 
the  outside  wheel,  which  is  the  only  one  which  has  anything  to  do 
with  directing  the  train,  and  consequently  rendering  it  easier  for  the 
flange  to  rise  over  the  rail. 

It  should  be  remembered,  too,  that  while  the  tangential  tendency  of 
the  outside  wheel  merely  causes  grinding  action  of  the  flange  against 
the  side  of  the  rail,  and  strains  internal  to  that  rail  itself,  the  inside 
wheel  is  dependent  on  the  thrust  of  the  axle  for  guidance,  and  through 
it  is  constantly  exerting  a  force  tendiog  to  spread  the  gauge.  Hence, 
from  this  point  of  view  also,  it  is  better  to  have  at  least  an  equal 
weight  on  both.  The  author  has  found  also  on  sharp  curves,  only 
intended  and  used  for  low  speeds  with  a  high  elevation,  that  there  is  a 
tendency  in  the  track  to  move  inwards,  the  ties  sliding  on  the  ballast. 
Widening  the  gauge  contributes  to  ease  in  traversing  curves,  and 
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in  track  laying  it  is  a  matter  still  in  dispute  whether  joints  should  be 
broken  or  square.  On  tangents  the  proper  disposition  of  them  depends 
in  the  writer's  opinion  very  much  on  the  quality  of  the  road-bed  and 
depth  of  ballast,  &c.  The  best  track  is  that  with  broken  joints ;  but 
poor  track  will  probably  be  less  objectionable  with  square  joints. 
However  this  may  be,  on  curves  the  joints  should  undoubtedly  be  broken. 
The  elastic  curve  is  sharper  in  the  centre  and  flatter  at  the  ends  than 
the  circular,  and  bent  rails  on  a  curve  will  always  tend  to  develop 
elbows  at  each  joint.  By  breaking  the  joints  the  elbow  is  corrected  by 
the  unbroken  rail  on  the  opposite  side  and  the  track  is  rendered  much 
easier  to  throw  and  keep  in  line.  A  combination  of  square  joints  on 
tangents  and  broken  on  curves  is  very  simply  effected  in  this  manner, 
in  the  sharper  ones  is  absolutely  necessary  ;  on  a  10°  curve  f  of  an 
inch  is  sufficient,  but  in  order  to  obviate  the  shock  which  the  author 
has  dwelt  on  above,  in  entering  the  curve,  the  gauge  should  be  tight 
and  close  at  either  end ;  with  transition  curves,  it  is  easy  to  widen  the 
gauge  uniformly  from  the  beginning  of  the  curve  to  the  point  of 
constant  curvature.  Lastly,  it  cannot  be  too  strongly  insisted  on  that 
curves  should  be  run  accurately  with  the  instrument,  and  centers  placed 
permanently  at  short  intervals,  with  fine  brass  tacks  in  their  heads, 
marking  the  exact  position  of  the  line.  The  track  gauge  should  have 
a  notch  marking  its  center,  so  that  the  foreman  can  at  a  glance  see 
whether  the  track  is  centered  or  not,  without  the  use  of  the  tape,  and 
the  track  level  should  have  a  sensitive  bubble  and  an  attachment  for 
getting  the  superelevation  exactly. 

The  outside  rail  should  be  kept  equidistant  from  the  center,  and  any 
variation  in  width  of  gauge  thrown  altogether  on  the  inside  rail.  The 
folly,  nay,  wickedness,  of  leaving  the  lining  of  curves  to  the  foreman's 
eye,  and  the  elevation  to  his  inner  consciousness,  is  just  as  gross  and 
unpardonable  as  would  be  regulation  of  the  depth  of  cuttings  and 
height  of  bridges  by  the  same  standard,  and  is  very  much  more  likely 
to  lead  to  accident.  Centers  should  never  be  more  than  100  feet  apart, 
and  on  curves  never  more  than  50  feet;  on  10°  curves  they  should  be 
placed  at  least  every  25  or  30  feet,  and  more  frequently  on  the  sharper 
curves. 

On  a  20°  curve,  which  the  author  ran  in  within  the  last  few  months, 
and  which  has  been  in  constant  use  ever  since  by  passenger  trains,  the 
centers  were  placed  every  10  feet,  and  rigidly  adhered  to  ;  the  gauge 
was  widened  1  inch,  and  the  elevation  is  3  inches-,  which  is  rather  too 
much  than  too  little.  No  spreading  of  the  gauge  has  taken  place,  and 
on  the  greater  portion  not  one  dollar  has  been  spent  in  repairs  j   such 
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repairs  as  have  been  done  were  on  account  of  subsidence  of  new  bank, 
and  they  would  have  been  equally  necessary  on  tangent.  Not  the 
slightest  difficulty  or  expense  has  been  experienced  in  operating  this 
curve  for  a  year,  either  summer  or  winter.  A  stop  is  necessary  for  all 
trains  within  a  few  feet  of  one  end,  and  all  trains  therefore  traverse  it 
very  slowly ;  but  the  author  would  not  hesitate  to  run  over  it  at  15  miles 
per  hour.  While  not  advocating  the  use  of  such  extreme  curves  on 
the  open  road,  except  temporarily  and  in  extreme  cases,  the  author 
feels  satisfied  that  properly  laid,  adjusted,  compensated,  and  tapered 
curves  of  10°  or  even  more  might  have  been  used  to  save  money  with 
much  better  results  as  to  safety  and  economy,  in  many  cases  where  heavy 
grades  have  been  adopted  to  the  same  end,  and  that  a  great  deal  of  the 
prejudice  which  is  shewn,  especially  among  the  older  men  of  our  pro- 
fession, against  the  free  use  of  it,  to  save  the  capital  account  and  increase 
the  operative  value,  is  to  a  large  extent  sentimental  and  groundless; 
and  the  author  will  be  glad  if  this  paper  suggests  anything  worthy 
of  discussion  or  comment,  whether  favourable  to  bis  views  or  the 
reverse. 
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DISCUSSION. 

Mr.  Irwin.  Mr.  H.  IrwiD  said  there  seems  to  be  many  points  in  Mr.  Wicksteed's 

paper  worthy  of  attention,  and  two  are  new  to  him,  viz.:  the  possibility 
of  breaks  causing  derailment  on  a  curve,  and  the  lurch  caused  by  a 
wheel  striking  the  rail  when  it  has  gone  as  far  as  possible  on  a  curve, 
without  changing  its  direction. 

The  speaker  does  not  agree  with  Mr.  Wicksteed's  statement,  that  the 
tendency  to  derailment  is  almost  independent  of  the  radius  of  curva- 
ture. It  has  been  sometimes  said  that  track-spreading  generally  hap- 
pened on  curves.  Track-spreading  may  be  due  to  either  of  three  causes, 
viz.  :  centrifugal  force  not  properly  balanced  by  elevating  the  outer  rails, 
and  which  increases  as  the  radius  of  curvature  decreases  ;  the  hump  in 
the  curve  made  by  the  section  men  in  easing  off  the  ends  of  curves ;  also 
by  the  impact  of  the  flange  against  the  rail  when  entering  the  curve.  In 
the  latter  case  the  change  would  be  in  proportion  to  the  degree  of  curva- 
ture, and  hence  transition  curves  are  advisable  and  would  avoid  the 
hump  referred  to.  He  considers  that  it  would  be  as  easy  and  as  safe  to 
run  round  a  10  degree  curve  with  proper  transition  curves  at  the  ends,  as 
it  is  to  run  round  a  6  degree  curve  without  transition  curves.  The 
speaker's  experience  of  the  hump  on  entrance  to  curves  convinces  him 
that  they  are  often  worse  than  they  appear.  It  is  advisable  to  use  tran- 
sition curves  when  sharper  than  1°.  Theoretically,  it  appears  to  the 
speaker  that  Mr.  Wicksteed's  method  of  laying  out  transition  curves  is 
good,  but  in  practice  he  thinks  it  would  be  attended  with  difficulties  in 
bending  rails  to  suit  the  curve,  as  the  example  given  by  Mr.  Wicksteed 
would  then  amount  to  a  transition  curve  of  30  feet  each  of  30/,  1°  30/, 
2°  30',  3°  30',  etc.,   up  to  9°  30',  merging  into  a  10°  curve. 

The  speaker  has  worked  out  a  set  of  tables,  mathematically  exact, 
which  give  all  necessary  information  for  laying  out  about  80  different 
transition  curves. 

Using  a  set  of  tables,  the  only  extra  work  required  is  to  calcu- 
late the  subtangent  for  a  transition  curve.  To  give  an  instance  :  It  is 
proposed  on  a  4°  curve  to  have  transition  curves  in  three  pieces  of  100 
feet  each  of  1°,  2°  and  3°.  The  length  of  the  subtangent  has  first  to 
be  determined.    Without  tables  this  could  be  done  as  follows  : — 

Let  LK'  and  L'K  be  two  tangents,  the  total  deflection  angle  or  the 
intersection  angle  being  I.     See  Fig  1. 
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Let  LM,  MN  and  NO  be  each  100  feet  long,  ofl°,  2°,  and  3° 
curves,  the  arc  00'  being  the  main  4°  curve.  Let  A,  C,  F  and  H  be 
the  centres  respectively  of  the  arcs  LM,    MN,  NO   and  00. 

Then,  in  the  case  stated,  the  angles  at  A,  C  and  F  are  respectively 
1°,  2°  and  3°.     The  angle  GBF  is  3°  and  the  angle  GDF  is  6°. 

The  angle  LGH  is  equal  to  (GDF+GHD)=(GDF+OHJ),  there- 
fore the  angle  OHJ  is  equal  to  half  the  deflection  angle  I  less  the 
deflection  of  6°   between  the  points  L  and  0. 

Now,  the  length  AC  is  equal  to  the  difference  between  the  radii  of  a 
1°  curve  and  a  2°  curve,  and  the  angles  at  A,  B,  and  C  are  known, 
therefore  AB  and  BC  can  be  found. 

Then  in  the  triangle  BDF,  BC  is  known,  and  FC  is  the  difference 
between  the  radii  of  a  2°  curve  and  a  3°  curve,  therefore  BF  is  known, 
and  the  angles  at  B,  D  and  F  are  known.  The  lengths  BD  and  DF 
can  therefore  be  calculated. 


Then  in  the  triangle  DGH,  the  length  DF  is  known.  FH  is  the 
difference  between  the  radii  of  a  3°  curve  and  a  4°  curve,  the  angles 
at  D,  G  and  H  are  known,  since  LCJ  is  equal  to  half  the  total  deflec- 
tion angle  I,  therefore  the  lengths  DG  and  GH  can  be  found. 
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We  have  now  AB,  BD  and  DG,  and  therefore  the  total  length  AG, 
therefore  LG  can  be  found  by  subtracting  AG  from  AL,  which  in 
the  present  case  is  the  radius  of  a  1°  curve. 

The  subtangent  LK  can  therefore  be  calculated  in  the  usual  man- 
ner, since  LK  =  LG  x  tan  A  I. 

If  it  be  desirable  to  find  the  apex  distance,  KG  can  be  calculated, 
HG  is  known,  and  HJ  is,  in  the  present  case,  the  radius  of  a  4° 
curve,  therefore  JK  can  be  got  by  subtraction ;  JK  being  the  apex 
distance,  which  is  often  very  useful  as  a  check  on  the  accuracy  of 
the  work. 

If  it  be  necessary  to  find  how  far  the  compound  curve  lies  inside 
a  simple  curve,  the  apex  distance  of  the  simple  curve  subtracted  from 
KJ  gives  the  required  distance. 

It  will  be  seen  that  without  tables  the  calculations,  even  in  this 
simple  case,  are  altogether  too  long  to  be  performed  in  the  field. 

The  speaker  has,  however,  calculated  for  all  the  35  cases  above  re- 
ferred to,  the  lengths  AB,  AD,  etc.,  BC,  DF,  etc.,  and  also  the  angles 
at  B,  D,  etc.,  these  being  independent  of  the  intersection  angle  I. 

It  will  be  seen  that  no  matter  how  many  pieces  the  transition  curve 
is  composed  of,  the  only  triangle  to  be  calculated  in  the  field  is  the 
last,  DGH  in  the  present  case,  since  all  the  other  triangles  are  inde- 
pendent of  the  intersection  angle  I. 

Having  the  tables,  it  is  only  necessary  to  find  the  difference  be- 
tween the  radii  of  a  3°  curve  and  a  4°  curve,  add  that  to  DF  to  get 
DH,  subtract  the  angle  GDF,  as  given  in  the  tables,  from  half  the 
intersection  angle  I  to  get  the  angle  GHD,  and  then  calculate  GD. 

The  length  LG  is  then  found  by  subtracting  AG  from  AL,  in  the 
present  case,  the  radius  of  a  1°  curve.  Then  LK  can  be  found  in  the 
usual  manner. 

Supposing  that  the  intersection  angle  I  be  46°  40',  then  the  cal- 
culation of  the  subtangent  in  the  present  case  would  be  as  follows,  viz.: 


Rad.  of  3°  curve     = 

1909.85 

il  = 

23°  20' 

do      4°     do       - 

1432.39 

GDF  = 

6°  00 

Pvad.of30-Rudof40=        477.46  GHD  =         17°20 

DF  from  tables  =        956.43  GD  -     1078.58 

From  table  AD  =     2866  .78 


DH  =       1433.89  

Log  1433.89  =  3.1565160  AG  =    3945 .36 

Log  Sin  17°  20'       =  9.4741146  AL  =     5729.58 
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12.6306306  LG  =     1784.22 

Log  Sin  23°  20'      =  9.5977827  

LogLG  =3.2514459 


LogGD        =  3.0328479       Log  Tan  23°  20' =  9.6348378 

GD        =       1078.58  

Log  LK  =  2.8862837 
LK  Sub.  Tan  =  769.63 


Should   it  be  required  to  find   the  apex  distance,  the   calculations 
would  be  as  follows,  viz.  : 


Log  1433.89 
Log  Sin  6° 

3.1565160 
9.0192346 

Log 

Log  LG 
Sec  23.20' 

LogGK 

GK 
JG 

JK 

=    3.2514459 
=  10.1037055 

Log  Sin  23°  20' 

12.1757506 
9.5977827 

=    3.2885010 

=  1943.13 

LogHG 
LogHG 
LogHJ 

2.5779679 
=     378.41 
=    1432.39 

=  1810.80 

=    132.33 

Log  JG 

=    1810.80 

Apex  distance  for  a  4Q  curve  with  )         9_ 
I  =  46°  40',  from  Shunk  =  5-^-4      1  =  U1M 
Transition  curve  inside  simple  4°  curve  by  4.73  feet. 

In  addition  to  the  necessary  information  for  calculating  the  sub- 
tangent,  these  tables  give  the  tangential  angles  from  L  to  M,  N,  O, 
etc. 

As  it  is  possible  that  the  whole  of  a  transition  curve  could  not  be  run 
in  from  the  BC,  the  tangential  angles  from  M  to  N,  O,  etc.,  are  given 
in  the  tables,  as  well  as  the  tangential  angles  from  each  point  on  all  the 
transition  curves  to  all  the  points  ahead. 

The  angles  to  be  turned  off  at  M,  N,  O,  etc.,  when  sighting  back  to 
L,  M,  N,  etc.,  so  as  to  get  on  to  the  tangent  at  M,  N,  O,  etc.,  are  all 
given  as  well  as  the  lengths  LX,  LXLZ,  etc.,  along  the  tangent,  and 
the  offsets  XM,  XN,  ZO,  etc.,  to  the  various  points  on  the  transition 
curve,  in  case  it  should  be  more  convenient  to  lay  out  the  transition 
curve  by  offsets ;  these  last  mentioned  lengths  would  also  be  very 
useful  to  plot  the  curve  on  a  large  scale,  should  that  be  necessary,  as  in 
the  case  of  a  bridge  or  trestle  ou  a  curve. 

The  speaker  thinks  it  practicable  to  run  in  the  transition  curves 
from  the  main  tangent  at  each  end. 

A  transition  curve  had  been  worked  out  by  the  speaker,  corres- 
ponding very  nearly  to  the  example  in  the  paper ;  it  is  composed  of 
30  feet  each  of  0°  30',  l^O',  2°  30'  &c 9°  30' curve,  leading  up  to 
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a  10°  30'  curve;    the  tangential  angles  together  with  the  distant 
along  the  tangent  and  the  offsets  from  the  same  are  as  follows: — 


Tangential  angles 

Distances  along 

Offsets  from 

from  the  B.C. 

main  tangent. 

main  tangent. 

feet 

feet 

T,    =  0°  04'  30" 

D,    =   30.00 

O,   =   0.04 

T.,    =  0°  13'  30" 

D,   =   60.00 

O.,  =   0.23 

T3   =  0°28'30" 

D,  =   90.00 

03  =  0.75 

T4   -0°  49' 30" 

D4   =119.98 

04  =   1.73 

T5   =1°  KV30" 

D5   =149.93 

O,  =   3.34 

T6   =  1°49'30" 

D6  =179.84 

06   =   5.73 

T7   =  2°  28'  30" 

D7   =209.65 

07   =   9.06 

T8  =3°  13'  30" 

D8   =239.41 

08  =13.49 

T9   -4°  04' 30" 

D9   =269.12 

O,   =19.17 

TI0  =5°  01'  30" 

D10  =  298.83 

O10  =26.28 

It  will  he  seen  that  the  tangential  angles  are  all  1'  30"  more  than 
those  given  by  Mr.  Wicksteed,  and  that  the  last  offset  is  only  lh  inches 
longer  than  Mr.  Wicksteed's  last  offset,  being  the  difference  in  departure 
for  1' 30"  at  300  feet. 

It  has  been  said  that  it  would  be  difficult  to  fit  in  transition  curves 
on  very  rough  ground  ;  but  the  speaker  would  remark  that  the  differ- 
ence between  a  simple  curve  and  a  curve  with  transition  ends  is  not 
great. 


CORRESPONDENCE. 

Mr.  Duncan  McPherson  said  he  agreed  with  the  author  of  the  piper  Mr.  MacPherson 
that  looking  to  the  earning  powers  and  commercial  value  of  a  railway, 
moderately  sharp  curves  of  say  5°  or  6°  should  be  used  in  preference  to 
| such  heavy  grades  as  75  to  80  feet  per  mile,  if  by  using  such  curves 
the  grades  can  be  reduced  to  50  feet  or  less  per  mile.  He  is,  however, 
!  of  opinion  that  for  a  standard  gauge  Trunk  Line,  where  high  speed 
and  comfort  are  essentials,  curves  as  sharp  as  10°  cannot  be  used  unless 
at  approaches  to  stations  or  other  points  where  speed  is  necessarily 
reduced  to  not  more  than  20  miles  per  hour,  also  that  a  speed  of  30 
miles  per  hour  would  in  his  opinion  be  too  fast  for  a  passenger  train  to 
traverse  a  10°  curve,  and  would  be  inadmissible  for  a  freight  train  at 
the  same  speed.  His  experience  is  that  the  cost  of  maintenance  of 
track  and  rolling  stock  is  greatly  increased  by  the  use  of  sharp  curves, 
and  is  not,  as  Mr.  Wicksteed  considers,  independent  of  the  radius  and 
due  to  curvature  "  per  se.  "  In  proof  of  this  he  submits  the  sections 
of  three  rails  taken  from  the  same  locality,  having  had  the  same  length 
of  service  on  approximately  level  portions  of  track. 


The  full  line  shows  the  original  section  of  a  56  lb.  steel  rail,  and  the 
length  of  service  was  15  years.  As  there  is  such  a  marked  difference 
of  wear  in  the  1°  curve  as  compared  with  the  4°  curve,  the  inference  is, 
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that  the  increased  wear  on  a  10°  curve  would  be  more  than  in  propor- 
tion to  the  degree  of  curvature,  and  that  it  is  not  independent  of  the 
radius. 

The  great  difficulty  about  elevation  of  the  outer  rail  on  curves  on 
single  track  roads  appears  to  him  to  arise  from  the  great  difference  of 
speed  of  freight  and  passenger  trains.  The  rule  given  by  the  author 
is  a  good  general  rule  for  30  miles  per  hour,  and  the  writer  has 
found  in  practice  that  §  of  an  inch  elevation  per  degree  answers  for  a 
speed  of  40  miles  per  hour  with  passenger  trains,  though  it  is  rather 
much  for  freights  at  20  miles  per  hour.  All  such  rules,  however,  can 
only  be  general  guides,  and  have  often  to  be  modified  by  circumstances 
of  location  and  curvature. 

The  method  given  in  the  paper  of  laying  out  transition  curves  on  the 
ground  seems  very  good  and  simple  to  calculate,  also  to  lay  down,  and 
quite  as  serviceable  as  the  more  cumbersome  methods  of  laying  out 
parabolic  curves. 

Permanent  centres  should  certainly  be  put  in  for  all  curves,  as 
trackmen  never  can  be  made  to  understand  that  a  slight  throw  at  the 
beginning  of  a  curve  increases  rapidly  towards  the  other  end. 

Mr.  Wick?teed.  ^n  answer  to  Mr.  Irwin's  remarks,  the  author  would  say  that  that 
gentleman  has  misquoted  his  paper  altogether  in  regard  to  tendency  to 
derailment  being  independant  of  the  radius  of  curvature.  What  the  au- 
thor did  say  is  that  the  tendency  to  derailment,  owing  to  want  of  radiality 
in  the  axles  aud  to  the  longer  path  traversed  by  the  outside  wheel,  etc., 
is  independent,  or  practically  so,  of  the  radius,  and  that  "  at  very  low 
speeds  "  there  is  little  or  no  more  flange  pressure  on  the  sharp  curves 
than  on  the  flat  ones.  The  mechanical  law,  that  the  centrifugal  force 
is  inversely,  as  the  radius,  would  render  the  statement  Mr.  Irwin  credits 
him  with,  an  absurdity ;  but  the  balance  of  the  same  law  should  also  be 
borne  in  mind,  that  the  centrifugal  force  varies  directly  with  the  square 
of  the  speed.  Hence  we  should  infer  that  an  8Q  curve  is  as  safe  at  30 
miles  per  hour  as  a  2°  is  at  60  miles,  which  the  writer  believes  to  be 
literally  true,  and  practically  proved  every  hour  of  the  day. 

Mr.  Irwin  says  that  he  thinks  there  would  be  practical  difficulties  in 
the  way  of  laying  down  the  proposed  transition  curves,  and  gives 
another  method  of  doing  the  same  thing. 

Without  questioning  the  accuracy  of  Mr.  Irwin's  figures,  or  the 
practicability  of  his  methods,  the  writer  would  merely  point  out  that 
Mr.  Irwin  himself  demonstrates  that  his  method  would  give  a  curve 
differing  infinitesimally  from  his  own  (the  writer's),  consequently  any 
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objections  to  the  one  must  apply  to  the  other.  No  practical  or  other 
difficulties  have  been  experienced  in  the  author's  method,  and  he  prefers 
a  curve  which  he  can  work  out  in  the  field  without  the  help  of  tables, 
for  any  possible  case,  and  for  which  general  laws  may  be  laid  down. 

In  reply  to  Mr.  McPherson,  the  writer  would  say  that  he  also  would 
appear  to  misunderstand  his  remarks. 

No  person  will  deny  that  rails  wear  quicker  on  a  4°  curve  than 
on  a  1°,  or  on  a  10°  than  on  a  3°.  The  question  is,  whether  there  is 
with  the  same  total  angle  of  curvature  more  expense  in  maintenance  with 
sharp  curves  than  with  flat  ones.  Having  90°  of  angle  for  instance,  the 
10°  curve  would  be  900  ft.  long,  and  the  3°  curve  3,000  feet  long,  the 
rails  on  the  former  would  undoubtedly  wear  soonest,  but  there  are  fewer 
of  them,  the  remaining  2,100  feet  being  tangent  and  showing  much 
less  wear  than  on  the  3°  curve. 

The  writer  has  heard  it  confidently  asserted  that  the  shorter  and 
sharper  curves  and  longer  tangents  involve  less  expense  than  the  re- 
verse, and  his  own  experience  is  that  the  difference  is  slight  one  way  or 
the  other. 

The  maximum  safe  speed  on  a  10°  curve,  the  writer  thinks,  must  be 
again  left  to  experience.  Express  trains  are  running  round  curves  of 
10°,  and  more,  every  hour,  not  only  in  the  United  States,  but  in  Canada, 
and  at  high  speeds.  He  would  name  the  railways  and  trains,  but  that 
he  fears  to  frighten  over-nervous  passengers  who  are  now  riding  almost 
daily  over  these  same  curves  in  blissful  ignorance  of  both  the  speed  and 
the  radius,  but  in  perfect  security  nevertheless. 

The  balance  of  the  remarks  of  both  Mr.  Irwin  and  Mr  McPherson 
are  a  hearty  endorsement  of  the  writer's  own  views,  and  he  would  wish 
to  conclude  by  saying  again,  that  he  is  by  no  means  an  advocate 
of  the  indiscriminate  and  unnecessary  use  of  curvature.  But  merely 
wishes  to  give  his  reasons  for  the  faith  which  is  in  him,  that  being 
obliged  to  save  money  by  departing  from  a  mathematically  straight 
line  on  plan  and  profile,  he  would,  in  probably  nine  cases  out  of  ten, 
recommend  that  departure  be  in  the  shape  of  horizontal  rather  than 
vertical  undulations. 

He  would  further  say  that,  since  his  paper  was  handed  in,  he  has 
further  studied  the  lifting  action  of  brakes  on  the  wheels,  and  is  only  the 
more  convinced  of  the  truth  of  his  views. 

Within  the  last  day  or  two  he  has  seen  on  a  four-wheel  truck  the 
springs  over  the  leading  axle  compressed  3  or  4  inches  by  the  friction  of 
the  wheel  against  the  brake.  In  this  case  the  truck  merely  tilted  up 
behind  and  down  in  front,  but  in  a  six- wheel  truck  it  is  not  always  possible 
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for  this  tilting  to  take  place,  as  it  could  only  do  so  by  a  great  increase 
in  weight  on  the  centre  wheel,  and  in  any  case  there  is  undoubtedly  a 
diminution  in  weight  on,  and  consequently  of  the  directive  power  of, 
the  leading  wheel. 

In  this  connection  it  may  be  remarked  that,  as  the  writer  believes, 
the  cars  which  were  derailed  in  the  St.  Joseph  accident  were  carried  on 
six-wheel  trucks.  The  remedy  would  seem  to  be  in  having  the  brakes 
made  so  as  to  grip  the  opposite  sides  of  the  same  wheel  in  every  case, 
and  exactly  on  a  level  with  its  centre.  Or  in  some  device  bringing  a 
portion  of  the  weight  of  the  car  body  directly  on  the  rails,  without  the 
intervention  of  the  wheels.  There  is  no  doubt  whatever  that  there  is 
here  a  great  source  of  danger  which  has  been  quite  unrecognized  and 
unappreciated. 


Thursday,  21st  .May. 

P.  W.  ST.  GEORGE,  Member  of  Council,  in  the  Chair. 

The  Mowing  candidates,  having  been  balloted  for,  were  declared 
duly  elected  as  : — 

Member. 
George  Masson. 

Associate  Member. 
Henry  Disnev  Ellis. 

Associates. 
John  Irwin  Davidson.  Oliver  Aitken  Howland. 

John-  Hoskin.  Wilmot  Delain  Matthews. 

Students. 
William  Archibald  Duff.        Hermann  Glaenzer. 

The  dissension  of  Mr.  T.  Drumniond's  paper  on  "  Mining  in  British 
Columbia";  of  Mr.  H.  K.  Wicksteed's  paper  on  "Railway  Curves,' 
and  of  Mr.  A.  Macdougall's  paper  on  "  Sewerage  and  Waterworks  of 
St.  Johns,  Newfoundland,''  occupied  the  evening. 
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Paper  No.  54. 

THE  STEAM  ENGINE. 

By  W.  H.  Laurie,  M.  Can.  Soc.  C.  E. 

In  tracing  up  the  history  of  the  steam  engine,  considered  as  a 
train  of  mechanism,  we  find  that  the  modern  steam  engine  has 
been  fully  developed  within  the  last  200  years — or  since  the  year 
1690,  and  its  advance  during  that  time,  may  be  divided  into  four 
stages,  or  periods  of  50  years  each. 

First  Stage  or  Period — 1690-1740. 

As  a  rule  the  great  majority  of  inventions  when  first  intro- 
duced to  the  public  are  more  or  less  complicated  and  cumber- 
some, the  object  of  subsequent  improvements  being  to  simplify 
and  reduce  the  number  of  parts.  To  this  rule  the  steam  engine 
forms  a  striking  exception,  it  having  been  first  introduced  in  its 
simplest  form,  each  consecutive  stage  in  its  history  being  marke  I 
by  an  increase  in  the  number  of  its  parts  and  in  the  complica- 
tion of  its  construction,  and  a  corresponding  reduction  in  the 
consumption  of  steam  per  horse  power. 
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About  the  year  1690,  Denys  Papin  invented  the  first  steam 
engine,  or  rather  steam  cylinder  with  a  piston.  When  first 
introduced,  the  cylinder  performed  the  functions  of  steam  boiler, 
steam  cylinder,  and  condenser.  It  was  operated  as  follows  : — A 
small  quantity  of  water  was  placed  at  the  bottom  of  cylinder, 
a  fire  built  beneath  it,  the  steam  formed  raising  the  piston  to 
the  top  of  the  cylinder,  where  a  latch  engaged  a  notch  in  the 
piston-rod  holding  it  up  until  it  was  desired  that  it  should  drop. 

The  fire  being  removed,  the  steam  condensed  forming  a  vacuum 
below  the  piston,  the  latch  being  disengaged  the  piston  was 
driven  down  by  the  pressure  of  the  atmosphere,  raising  a  weight 
which  had  been  in  the  mean  time  attached  to  a  rope  from  the 
piston  rod  over  pulleys.  This  machine  made  one  stroke  per 
minute.  The  inventor  calculated  that  a  24"  cylinder  would  raise 
8,000  lbs.  four  feet  per  minute,  or  develope  nearly  one  horse 
power. 

A  few  years  after  his  first  invention  Papin  made  another  im- 
portant invention  which  increased  the  efficiency  of  his  engine  by 
using  a  seperate  steam  generator,  as  described  at  the  time,  a  kind 
of  fire  box  steam  boiler,  in  which  the  fire,  completely  surrounded 
by  water,  made  steam  so  rapidly  that  his  engine  could  be  driven 
at  the  rate  of  four  strokes  per  minute  b}^  the  steam  supplied 
from  it. 

The  Papin  engine  was  further  improved  and  developed  by 
Newcomen,  Beighton  &  Smeaton,  producing  a  combination  of 
several  of  the  elementary  parts  of  the  modern  engine,  making  it 
capable  of  transmitting  force  directly  to  the  resistance  to  be 
overcome,  the  object  being  to  adapt  it  to  pumping  mines,  &c. 
The  piston  was  connected  to  the  pump  by  means  of  an  overhead 
beam. 

During  the  first  period  of  development  the  steam  engine  was 
used  almost  entirely  as  a  pumping  machine,  and  might  more 
properly  be  considered  an  atmospheric  engine,  as  steam  was 
used  only  to  produce  a  vacuum,  the  power  being  supplied  by  the 
pressure  of  the  atmosphere,  and  that  on  one  side  of  piston  only. 

Second  Period— 114Q-VI90. 

The  second  stage  or  period  in  the  development  of  the  steam 
engine  may  be  considered  entirely  as  the  work  of  James  Watt] 
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(that  stage  being  marked  by  more  rapid  development  than  any 
other).  He,  among  many  other  important  inventions  and  im- 
provements, added  to  the  engine  of  the  first  period,  the  separate 
condenser,  air-pump,  fly-ball  governor,  crosshead,  guides,  par- 
allel-motion, rotary-motion,  double-action,  and  non-condensing, 
high-pressure  steam  engine.  With  these  additions  the  machine 
embodied  nearly  all  of  the  essential  features  of  the  modern 
engine.  He  also  discovered  the  advantages  to  be  derived  from 
the  use  of  steam  expansively,  and  specified  a  cut-off  at  \  stroke 
as  the  most  ecomomical.  This  discovery  has  proved  to  be  most 
important  in  the  development  of  the  economical  application  of 
steam,  although  shortly  after  its  first  introduction,  it  hai  to  be 
discontinued,  owing  to  the  trouble  and  annoyance  Watt  exper- 
ienced with  proprietors  and  their  engineers  altering  the  valves. 
He  intended  to  resume  it  at  a  later  period  when  workmen  of 
greater  intelligence  and  reliability  could  be  found. 

Third  Pkriod— 1790-1840. 

The  distinguishing  feature  of  the  third  period  was  the  intro- 
ducing of  the  compound,  or  two-cylinder  engine.  Although  the 
first  compound  engine  was  invented  in  1781,  by  Jonathan  Horn- 
blower,  it  was  not  a  success,  owing  to  the  steam  pressure  used  at 
that  time  being  so  low  that  no  advantage  was  gained  by  the 
device. 

In  1801  the  Hornblower  compound  engine  was  again  intro- 
duced by  Arthur  Woolf,  and,  by  using  steam  at  a  higher  pressure, 
and  expanding  it  from  six  to  nine  volumes,  a  very  great  advan- 
tage was  gained  over  the  Watt  and  other  engines  of  that  time. 
Other  engineers  followed  in  Woolf  s  footsteps,  designing  modifi- 
cations of  the  compound  engine,  so  that  by  the  end  of  the  third 
period  which  we  have  considered,  the  compound  had  become  a 
standard  engine. 

Fourth  Period— 1840-1890. 

The  most  important  features  in  the  development  of  the  eco- 
nomical use  of  steam  during  the  fourth  period,  or  that  of  the 
immediate  past,  has  been  the  invention  and  introduction  of  the 
automatic  engine,  and  the  system  of  expansion  (in  two  cylinders 
during  the  former  period)  being  carried  to  three  or  four  cylinders. 
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The  first  automatic  engine  was  invented  by  George  H.  Corliss, 
about  the  year  1850.  An  adjustable  drop  cut-oft'  had  been  in- 
vented ten  years  earlier  by  F.  E.  Sickels,  but  Corliss  was  the  first 
to  attach  the  governor  directly  to  the  cut-off  mechanism,  and,  by 
s<>  doing,  regulate  the  speed  of  the  engine  by  adjusting  the  point 
of  cut  off,  and  also  using  steam  in  the  cylinder  at  nearly  boiler 
pressure  up  to  that  point. 

To  form  an  idea  of  the  advantages  of  modern  steam  practice  as 
compared  with  that  of  the  earlier  stages  of  its  use,  and  to  note 
the  advance  made  during  the  four  different  stages  we  have  con- 
sidered ;  we  shall  assume  an  average  indicator  card  for  each 
period  from  the  information  we  have,  and,  by  analyzing  each 
form  a  comparison. 

For  that  purpose  we  shall  assume  a  steam  cylinder  of  13§"  dia- 
meter, or  a  net  area  of  144  square  inches  in  each,  and  for  the  first 
period  a  guage  pressure  of  1  lb.  or  16  lbs  absolute. 
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Allowing  1  lb.  to  raise  weight  of  piston,  rod,  etc.,  and  that  a 
vacuum  be  produced  equal  to  a  M.  E.  P.  of  7  lbs.  below  the 
atmospheric  line,  and  allowing  a  piston  travel  of  100  feet  per 
minute,  the  power  developed  will  be  144  X  100  X  7  =  100,800 
-5-  33,000  =  3*05  horse  power,  and  the  theoretical  consumption  of 
steam  will  be  100  cubic  feet  per  minute  or  6,000  cubic  feet  per 
hour,  and  as  steam  at  16  lbs.  absolute  weighs  "0411  per  cubic- 
foot,  then  6000  X  '0411  =  246-6  lbs.  of  steam  per  hour,  and  as 
we  have  found  that  the  power  developed  will  be  3*05  H.  P.  then 
246-6  -T-  3-05  =  80-85  lbs.  of  steam  per  hour  per  H.  P.  as  the 
consumption  for  the  first  period. 

For  the  second  period  with  same  cylinder  area  we  will  assume 
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200  feet  of  piston  travel.     (Steam   at    this  period  was  used  above 
atmospheric  pressure,  and  doable  acting.) 


i.atm* 


rar. 


For  this  card  we  will  assume  a  steam  pressure  of  15  lbs.  and  a 
terminal  of  26  lbs.  absolute,  a  M.  B.  P.  of  224  lbs.,  the  power 
developed  will  be  144  X  22-4  X  200  -=-  33.000  =  19-5  II.  P.  and 
the  amount  of  steam  consumed  will  be  200  cubic  feet  per  minute 
or  12,000  cubic  feet  per  hour;  and  as  steam  at  the  terminal 
pressure,  viz.  :  26  absolute,  weighs  "0650  per  cubic  foot,  then 
12,000  X  '0650  =  780  lbs.  per  hour;  this  divided  by  195  =  40 
lbs.  of  water  per  hour  per  H.  P.  for  the  second  period  ;  or  about 
one-half  of  that  required  to  develop  a  horse  power  50  years 
earlier. 

For  the  third  period  a  still  higher  steam  pressure  was  used, 
and  expansion  carried  to  6  and  9  volumes. 


Cfifjn  [#>■> 


For  this  card  we  will  assume,  same  cylinder  area,  400  feet 
piston  travel,  40  lbs.  steam  pressure  expanded  74-  volumes  and  a 
M.  E.  P.  of  16  lbs.  The  power  developed  will  be  144  X  400  X  16 
h-  33.000  =  2793  H.  P.  and   the  steam  consumption  measured 
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from  terminal  of  9  Lbs.  will  be  400  X  60  =  2-4,000  X  "0239  -:- 
27-93  =20-5  lbs.  of  steam  per  hour  per  horse  power,  or  about 
one-half  of  the  cost  of  same  power  during  second  period  and  one- 
fourth  of  cost  of  same  power  during  first  period. 

For  the  fourth  and  last  period  of  steam  engine  practice  we  have 
in  many  instances  a  steam  pressure  of  200  lbs.,  also  cylinder  steam 
jacketed  with  superheated  steam,  and  other  refinements  that  tend 
to  reduce  steam  consumption. 


For  this  period  we  will  assume  a  steam  pressure  of  150  lbs., 
expanded  20  volumes,  a  M.  E.  P.  of  31  lbs.  referred  to  same 
cylinder  area  as  in  other  cards,  viz.  144  inches  and  a  piston  travel 
of  800  ft.,  this  will  develope  108  horse  power,  and  the  steam  con- 
sumption will  be  about  10  lbs.  per  hour  per  horse  power. 

In  reviewing  these  four  periods  we  have  in  the  first,  steam  used 
at  a  little  over  atmosphere  pressure,  without  expansion,  a  piston 
travel  of  100  ft.  per  minute,  a  power  developed  of  3.05  H.  P.,  at 
a  cost  of  80  lbs.  of  steam  per  hour  per  H.  P. 

In  the  second  period  we  have  steam  at  15  lbs.  above  atmos- 
phere, without  expansion,  a  piston  travel  of  200  ft.  per  minute, 
a  power  developed  of  19-5  H.  P.,  with  a  steam  consumption  of  40 
lbs.  per  hour  per  H.  P. 

In  the  third  period,  we  have  steam  at  40  lbs.  above  atmosphere, 
expanded  to  7^  volumes,  a  piston   travel  of  400  ft.  a  minute,  a 


Laurie  on  the  Steam  Engine 


217 


power  developed  of  27!»3  11.  P.,  with  a  >team  oomsumption  of  20 
lbs.  per  hour  per  H.  P. 

And  in  the  fourth  period  we  have  steam  at  a  pressure  of  150 
lbs.  above  atmosphere,  expanded  to  20  volumes,  a  piston  travel  of 
800  ft.  per  minute  and  a  power  developed  of  108  H.P.,  with  a 
a  steam  consumption  of  10  lbs.  per  hour  per  horse  power. 


Cyl. 

Abe  a. 
..144 

Piston  tr'vel. 

Steam  P. 

Power. 

Theoretical 
Consumption 

1st.. 

100 

j. 

3-05 

80  lbs. 

2nd . 

« 

200 

15 

19-5 

40     - 

3rd  . 

.i 

400 

40 

28-0 

20      ■ 

4th.. 

800 

150 

108.  (J 

10    <• 

From  these  figures  we  find  that  the  tendency  through  all  the 
different  periods  has  been  increased  steam  pressure,  and  higher 
ratio  of  expansion  or  high  initial  and  low  terminal,  i.e.,  theoretic- 
ally the  higher  the  initial  and  the  lower  the  terminal,  the  greater 
the  economy.  But  practice  has  established  it  to  be  a  fact  that 
the  higher  the  initial  and  the  lower  the  terminal,  or  the  greater 
the  ratio  of  expansion  in  a  single  cylinder,  the  greater  the  loss 
both  by  clearance  and  condensation. 

Clearance  is  the  space  between  the  piston  and  valve  face  when 
an  engine  is  on  its  centre  (including  area  of  ports,  passages,  etc.) 
which  has  to  be  filled  with  steam  each  stroke  before  the  piston 
moves  forward,  and  is  computed  by  the  percentage  its  volume 
bears  to  the  area  of  piston  multiplied  by  the  length  of  its  stroke. 
This  varies  from  2  p.c.  in  long  stroke  engines  to  15  and  even 
20  p.c.  in  short  stroke  engines. 

The  loss  by  clearance  is  quite  a  serious  one  where  expansion  is 
carried  to  extremes  in  a  single  cylinder  and  also  in  short  stroke 
engines,  where  it  forms  a  high  percentage  of  the  volume  of 
cylinder. 

\i  we  take  as  an  illustration  a  condensing  engine  card,  with 
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steam  pressure  80  Lbs.,  expanded   20  volumes  without    loss  by 
clearance,  we  get  a  mean  effective  pressure  of  15  lbs. 


Vfitkovt  fartojf  M  E  P-  ioi 
ME  P  r  rt 


Then  expand  the  same  volume  of  steam  in  a  cylinder  of  same 
area,  but  with  5  per  cent,  clearance,  we  find  that  the  card  shows 
the  steam  to  have  been  cut  off  at  the  time  the  engine  was  on  its 
centre  ;  we  get  the  same  expansion  line  and  same  terminal,  but 
the  area  does  not  include  that  at  initial  pressure,  or  a  mean 
average  pressure  of  10.5  lbs.  instead  of  15  lbs.,  as  in  the  first  in- 
stance, representing  a  loss  of  30  per  cent,  in  power. 

Then,  again,  if  the  same  pressure,  viz.,  80  lbs.,  be  expanded  10 
volumes,  the  loss  is  reduced  to  16.66  per  cent.;  expanded  5 
volumes,  the  loss  is  reduced  to  9.75  per  cent.,  and  if  only  ex- 
panded 3  volumes,  the  loss  is  reduced  to  about  7  per  cent. 

Therefore  the  greater  the  ratio  of  expansion  in  a  single 
cylinder  the  greater  the  loss  by  clearance,  and  the  less  the  ex- 
pansion in  a  cylinder  the  less  the  percentage  of  loss  by  clearance- 
The  loss  by  clearance  may  be  reduced  to  a  certain  extent,  but 
not  entirely  overcome  by  compression  or  cushion. 

Condensation. 

The  loss  by  condensation  is  due  to  the  variation  in  the  tem- 
perature of  steam  during  expansion,  if  steam  at  80  lbs.  gauge 
pressure,  or  95  absolute,  be  expanded  20  volumes,  the  initial  tem- 
perature would   be   324   degrees    Fahrenheit   and   the    terminal 

about  160  degrees. 

Daring  expansion,  as  the  temperature  of  the  steam  falls,  the 
temperature  of  the  metal  of  the  cylinder  falls  in  proportion,  so 
that  when  the  boiler  pressure  is  again  admitted  to  the  cylinder  it 
takes  a  certain  proportion  of  the  steam  admitted  to  raise  the 
temperature  of  the  surrounding  metal  to  the  initial  temperature; 
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the  greater  the  ratio  of  expansion  the  greater  the  variation  in 
temperature  in  the  cylinder,  and  the  greater  the  proportion  of 
steam  required  to  raise  that  temperature;  the  less  the  expansion 
in  a  cylinder  the  less  the  variation  of  temperature,  and  the  less 
steam  will  be  condensed  in  raising  that  temperature  each  stroke  ; 
or  the  smaller  the  volume  of  steam  admitted  to  the  cylinder  each 
stroke  the  greater  will  the  percentage  "  of  loss  by  condensation  " 
bear  to  that  volume,  and,  on  the  other  hand,  the  greater  the 
volume  of  steam  admitted  to  the  cylinder  each  stroke  the  less 
will  the  percentage  "of  loss  by  condensation"  bear  to  that  volume. 

From  experiments  carried  out  these  losses  have  been  com- 
puted approximately  for  un  jacketed  single  cylinder  engines  with 
low  percentage  of  clearance  as  follows,  viz.  :  — 


Expansions. 

Power. 

Loss. 

20 

55  p.  c. 

45  p.  c. 

10 

65  " 

35  " 

5 

75  " 

25  " 

3 

80  " 

20  " 

2 

85  " 

15  " 

With  5  per  cent,  added  for  condensing  engines. 

Another  serious  objection  to  high  ratios  of  expansion  in  a 
single  cylinder,  is  the  very  great  variation  in  the  working  strains 
throughout  the  stroke.  For  example,  if  we  expand  80  lbs.  steam 
pressure  to  20  volumes  in  a  single  cylinder  Condensing  Engine. 
we  have  a  pressure  of  92  lbs.  per  square  inch  of  piston  at  the 
beginning  of  the  stroke,  1.75  lb.  at  the  end  of  the  stroke,  and  a 
M.  E.  P.  of  15  lbs.,  and  as  the  strength  of  an  engine  in  all  its 
working  parts  must  be  in  proportion  to  the  greatest  pressure  to 
which  it  is  subjected,  then  the  weight  of  the  working  parts  must 
be  entirely  out  of  proportion  to  the  power  actually  developed,  and 
the  fly  wheel  especially  must  be  very  much  heavier  than  that  re- 
quired in  an  engine  where  steam  is  expanded  from  3  to  5  volumes. 

The  theoretical  gain  by  expansion  in   a  condensing  engine  is 
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approximately  as  follows,  taking  80  lbs.  gauge  pressure  without 
expansion  as  a  basis. 

Expanded  to  20  volumes,  70  per  cent. 


10 

a 

65 

5 

a 

60 

" 

50 

2 

(c 

40 

H 

a 

20 

To  obtain  the  economical  advantages  resulting  from  high  ratios 
of  expansion,  and  at  the  same  time  avoid  the  enormous  losses 
attending  its  expansion  in  a  single  cylinder,  is  the  object  of  the 
introduction  of  the  compound,  Triple  and  Quadruple  expansion 
engines.  For  example,  in  a  compound  engine  with  low  pressure 
cylinder  four  times  the  area  of  high  pressure,  16  expansions  may 
be  obtained  with  four  expansions  in  each  cylinder.  In  this  way 
the  high  pressure  cylinder  works  with  steam  between  limits  of 
temperature,  such  as  occasion  comparatively  small  losses  by  con 
densation,  and  the  low  pressure  cylinder  works  between  the 
temperature  of  the  exhaust  from  high  pressure  and  that  of  the 
condenser  ;  these  temperatures  not  varying  very  widely  the  loss 
by  condensation  is  correspondingly  small.  Another  great  advan- 
tage of  the  compound  over  that  of  the  single  cylinder  engine 
(expanding  steam  to  the  same  number  of  volumes),  is  the  better 
distribution  of  the  work  throughout  the  stroke,  admitting  of  the 
working  parts  being  made  much  lighter  in  proportion  to  the 
actual  power  developed. 

It  would  almost  appear  as  if  the  economical  limit  in  expansion 
had  been  reached,  as  by  our  example  for  the  last  period,  the 
theoretic  consumption  for  150  lbs.  expanded  20  volumes,  was  10 
lbs.  of  water  per  hour  per  H.  P.,  whereas,  if  we  raise  the  pressure 
to  200  lbs.  and  expand  30  volumes,  the  gain  is  only  about  5 
per  cent. ;  if  raised  to  400  lbs.  and  expanded  40  volumes,  thegain 
is  about  20  per  cent. ;  and  if  to  800  lbs.  expanded  40  volumes, 
about  25  per  cent. 

But  to  counteract  this  apparent  gain,  we  have  increased  coal 
consumption  in  raising  the  water  to  the  temperature  due  to  the 
increase  of  pressure,  and  also  increased  losses  by  condensation  in 
using  steam  at  that  temperature. 


DISCUSSION. 

Mr.  P.  .1.  L.  Bolland  said  the  assumption  of  an  average  indicator  Mr.  p.  J.  L. 
card  for  each  successive  period  of  50  years  may  be  correct  for 
tracing  up  the  history  of  the  steam  engine,  considered  as  a  train 
of  mechanism,  but  appears  to  he  misleading  in  considering  the 
progress  of  the  steam  engine  as  a  prime  mover;  the  progress  has 
not  been  so  uniform  in  economy  as  would  appear  from  this  paper. 
This  applies  more  especially  to  the  last  thirty  years  of  the  fourth 
period. 

Under  cards  1  and  2  we  practically  are  treated  to  a  piston  speed 
of  200  feet,  in  each  period.  One  would  think  this  a  rather  high 
speed  for  the  first  period.  The  third  period  has  the  credit  of  the 
introduction  of  the  compound  engine,  but  it  is  questionable  if  in 
any  of  the  gain  therein  credited  to  steam  consumption  the  com- 
pound engine  played  any  important  part,  though  the  foundation 
was  laid  for  its  successful  use  during  the  next  period.  Card  3 
calls  for  an  expansion  to  7-t  volumes.  This  must  mean  a  theore- 
tical expansion  to  these  volumes,  as  it  is  hard  to  think  such  ac- 
tual expansions  were  used  at  this  period.  A  10  per  cent  clear, 
ance  would  not  be  excessive  to  take  for  this  period  ;  this  will 
give  an  actual  expansion  to  nearly  4.72  volumes,  using  55  lbs. 
steam  pressure  absolute,  M.  E.  P.  27  lbs.  (allowing  2.7  lbs.  for 
back  pressure)  H.  P.  —  47.1.  Terminal  pressure  =  11.65  lbs- 
at  a  density  of  about  .0301  lbs.  per  c.  f.,  this  gives  a  consumption 
of  16.3  lbs.  of  water  per  H.  P.  per  hour  theoretically.  Possibly 
the  actual  practice  for  the  latter  part  of  this  period  would  be  30 
lbs.  of  water  evaporated  with  from  -4  to  5  lbs.  of  coal  per  I.  H.  P. 
per  hour.  (10  per  cent  more  in  volume  of  steam  at  initial  pres- 
sure is  used  in  working  out  this  way  owing  to  clearance.) 

The  fourth  period  from  1840  to  1890  embraces  the  period  of 
rapid  strides  in  the  economic  use  and  generation  of  steam.  It 
seems  unfair,  in  comparing  the  progress  in  the  economic  use  of 
steam,  that  the  generator  of  the  power  should  be  left  out  of  con- 
sideration. Improved  boiler  construction  and  working  have  dur- 
ing the  last  thirty  years  added  materially  to  the  possibility  of 
using  efficiently  a  high  grade  of  expansion  in  the  steam  engine, 
without  which   high  ratio  of  expansion  the  triple  and   quadruple 
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engine  would  be  at  a  discount.  In  making  the  consumption  of 
coal  a  standard  of  comparison  for  the  power  developed,  we  have 
the  advancement  of  the  steam  engine,  as  a  prime  mover,  put  on 
an  economic  base,  embracing  the  whole  cycle  of  changes  from  the 
formation  of  the  steam  to  its  final  working  point.  Each  part  of 
of  the  system,  engine  and  boiler,  can  afterwards  be  credited  with 
its  proportion  of  efficiency. 

The  average  expenditure  of  coal  per  I.  H.  P.  per  hour  may  be- 
taken for  the  several  dates  embracing  the  last  thirty  years  as 

1891. — 1.5  lbs.  of  coal  consumed  per  I.  H.  P.  per  hour  developed 
by  engine. 

1887. — 1.82  lbs.  of  coal  consumed  per  I.  H.  P.  per  hour  deve  - 
loped  by  engine. 

1872. — 2.11  lbs.  of  coal  consumed  per  I.  E.  P.  per  hour  deve- 
loped by  engine. 

1%0. — 3.00  lbs.  of  coal  consumed  per  I.  H.  P.  per  hour  deve- 
loped by  engine. 

Showing  a  saving  of  50  per  cent  during  the  Last  thirty  years. 
This  is  scarcely  an  overestimate  but  rather  under,  if  we  take  the 
best  performance  of  the  present  day. 

Card  4. — Dealing  with  this  latter  period  calls  for  an  expansion 
to  20  volumes.  If  this  is  a  theoretical  expansion  it  is  perhaps 
an  extreme  for  single  cylinder  expansion.  A  5  per  cent  clear- 
ance will  bring  the  actual  expansion  down  to  10.5  volumes;  this 
would  be  very  low  for  a  multiple  expansion  engine. 

Under  card  5,  80  lbs.  pressure  appears  to  be  the  absolute  pres- 
sure, and  in  expanding  to  twenty  (20)  volumes,  one  volume  oc- 
cupies the  clearance  space  (the  other  19  volumes  after  expansion 
representing  an  imaginary  piston  travel)  or  no  admission  work, 
this  gives  a  clearance  of  \^  ==  5.21  per  cent,  not  5  per  cent. 

It  is  stated  by  the  author — "  Practice  has  established  the  fact  that 
the  higher  the  initial  and  the  lower  the  terminal,  or  the  greater 
the  ratio  of  expansion  in  a  single  cylinder,  the  greater  the  loss 
both  by  clearance  and  condensation." 

As  far  as  the  loss  by  clearance  is  concerned  it  appears  to  be 
contrary  to  this  up  to  a  certain  ratio. 

Take  the  volumes  of  expansion  as  representing  successive  feet 
travel  into  an  unit  of  area — take  a  clearance  of  5  per  cent  of  the 
volume  swept  through  by  our  imaginary  piston  in  all  cases — and 
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lake  a  constant  volume  of  steam   at  an  initial  pressure  of  80  lbs. 
absolute  in  all  cas 

Then  lor  the  four  grades  of  expansion  called  for   we   have  the 
following  data : — 

Two    Lbs.    Pressure   per   Square    Inch    Allowed    for    Back 

Pressure. 
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Note.— The  ratios  of  clearance  and  admission  volumes  to  the 
unit  volume  of  steam  used,  are  put  as  near  as  can  be  ;  working 
only  to  four  decimal  places,  showing  an  increase  of  effective 
work  up  to  a  point  somewhere  between  10  and  20  expansions. 

Taking  some  other  ranges  of  expansion  we  have 
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Showing  that  the  effective  work  of  our  volume  of  steam  arrives 
at  its  maximum,  close  on  the  expansion  to  14  volumes,  where  the 
total  resistance  due  to  back  pressure  is  equal  to  the  total  work 
done  by  admission  alone.  This  point  will,  of  course  vary  with 
the  percentage  of  clearance  and  amount  of  back  pressure. 

The  volume  of  clearance  increases,  and  that  of  admission  de- 
creases, as  we  expand  to  a  greater  number  of  volumes,  but  more 
effective  work  is  got  out  of  the  same  quantity  of  steam  used,  so 
that  with  anjT  fixed  percentage  of  clearance,  in  a  single  cylinder 
engine,  the  greater  number  of  expansions  up  to  a  useful  ratio 
give  out  effective  work,  which  more  than  counterbalances  the 
work  lost  by  reduction  of  initial  or  admission  steam. 

In  an  automatic  engine  working  under  a  varying  load,  where 
the  proportion  in  volume  of  admission  steam  to  clearance  steam 
varies,  the  work  done  per  lb.  of  steam  used  will  increase  up  to  a 
certain  ratio  of  expansion ;  the  clearance  volume  doing  more 
effective  work  as  the  expansion  increases.  It  is  then  a  question 
of  engine  proportion  to  work  to  be  done. 

With  a  given  percentage  of  clearance,  it  is  true  that  for  each 
increasing  grade  the  percentage  of  loss  increases,  relatively  to 
an  ideal  expansion  without  clearance.  But  we  must  have 
clearance,  and  having  started  with  a  given  percentage  of 
clearance;  increased  expansion  allows  the  clearance  volume  to 
recover  more  of  this  initial  loss. 

The  reduction  of  loss  by  cushioning,  practically  amounts  to  the 
use  of  a  less  percentage  of  clearance. 

In  a  single  cylinder  engine,  the  greater  the  expansion  of  a 
given  volume,  the  longer  the  stroke,  and  the  less  the  percentage 
of  clearance.  For  instance,  with  a  24-inch  stroke,  a  5  per  cent, 
clearance  is  equal  to  a  volume  equivalent  to  1-2  inches  of  tho 
stroke,  and  this  using  a  36-inch  stroke  would  only  represent  a 
3*3  per  cent,  clearance — and  the  ratio  of  expansion  would  be  in- 
creased by  50  per  cent. 

Take  a  case  in  point,  using  the  same  data  as  employed  in  the 
tables  : — 

Foot  lbs. 
per  unit 
of  area. 

With  5   expansions — with  a  clearance  of  5  per  cent. — the  effective  work =  171 '142 

"      7£  "  "     "         "         "3-3    "  "  "  "     =  200-3S 

A  gain  of  over  17  per  cent,  in  net  work. 

The  losses  due  to  condensation,  as  given  in  the  paper,  seem  to 
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refer  to  initial  condensation — this  is  the  greatest,  but  a  part  is  re- 
covered by  re-evaporation,  in  hiidi  grades  of  expansion.  Steam 
jacketing  also  considerably  reduces  this  lose  in  a  single  cylinder 
engine. 

Mr.  F.  A.  Bowman  said  :  There  was  a  paper  read  before  the  Mr.  W.  A. 
May  meeting  of  the  American  Institute  of  Electrical  Engineers, 
by  Prof.  Ball,  of  Harvard,  on  an  electrical  method  of  measuring 
the  heat  absorbed  by  the  cylinder  walls  of  a  steam  engine.  The 
writer's  method  was  briefly  this  :  He  had  an  iron  plug  made  to 
lit  one  of  the  holes  in  the  cylinder  used  for  attaching  an  indicator. 
On  the  end  of  this  plug  and  coming  just  flush  with  inner  surface 
of  the  cylinder  was  a  thin  plate  of  iron.  A  rod  of  nickel  passed 
through  the  plug  and  was  insulated  from  it,  but  was  soldered  to 
the  thin  plate.  The  nickel  and  iron  form  a  very  good  thermo- 
electric couple  and  the  deflections  of  a  galvanometer  are  propor- 
tional to  the  heat  at  the  junction.  His  method  of  work  is  this  : 
a  series  of  observations  are  taken  with  varying  cut  off  and  with 
different  thicknesses  of  the  thin  plate  on  the  end  of  the  plug.  The 
idea  being  to  discover  the  temperature  of  the  cylinder  walls  at 
varying  depths,  and  thus  the  amount  of  heat  absorbed  by  them. 
The  paper  did  little  more  than  describe  the  mode  of  operation,  as 
the  writer  stated  he  had  not  yet  gathered  sufficient,  data  to  be 
able  to  give  diagrams  or  tabulated  results.  The  method  would 
seem  to  promise  to  throw  some  light  on  the  vexed  que-tion  of 
the  rapidity  with  which  heat  can  be  absorbed  and  radiated  from 
cylinder  walls. 

While  recognizing  the  great  gain  in  economy  due  to  the  intro- 
duction of  the  compound  principle  in  steam  engines,  it  should  be 
remembered  that  much  of  the  large  reduction  in  coal  consump- 
tion in  marine  work,  where  compound  engines  were  first  used,  is 
due  to  the  use  of  surface  condensers  which  return  hot,  fresh  water 
to  the  boilers,  and  save  the  enormous  waste  of  heat  and  steam 
that  was  occasioned  by  the  necessity  of  blowing  off  when  using 
salt  water 

Mr.   W.  H.  Laurie,  replying  to  Mr.  Bolland's  remarks,  said  : 

Mr.  W  H 

Referring  to  card  No.  1,  it  is  necessary  in  computing  the  power  Laurie', 
or  consumption  of  a  single  acting  engine  to  reckon  the  piston 
speed  at  one  stroke  in  each  revolution,  as  power  is  only  deve- 
loped and  steam  consumed  during  one  stroke.     The  object  in  as- 
suming 100  feet  piston  travel  during  the  first  period  was  to  adopt 
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a  basis  that  would  make  the  calculation  "of  consumption  "  of  the 
simplest;  to  enable  those  not  conversant  with  the  operation  to 
follow  the  process  with  the  greatest  ease,  and  at  the  same  time 
to  show  the  general  tendency  during  all  the  different  periods. 
The  theoretical  consumption  would  be  the  same  whether  it  wei-e 
10  feet  piston  travel  or  100  feet. 

In  reference  to  the  introduction  of  the  compound  engine,  the 
speaker  finds  in  Rankiue's  historical  sketch  in  the  introduction 
to  his  steam  engine:  '-The  double  cylinder  engine  was  in- 
vented by  Hornblowcr  in  1181,  and  was  afterwards  combined 
with  Watt's  condenser  by  Woolf."  And  in  E.  H.  Thurston's  his- 
tory of  the  steam  engine,  page  138,  "  Arthur  Woolf  in  1804  re- 
introduced the  Hornblower  or  Falck  engine  with  its  two  steam 
cylinders,  using  steam  of  a  higher  tension.  His  first  engine  was 
built  for  a  brewery  in  London,  and  a  considerable  number  were 
subsequently  made.  Woolf  expanded  his  steam  from  six  to  nine 
times.-'  In  some  of  his  pumping  engine  tests,  his  compound  en- 
gine performed  a  duty  of  33  per  cent  over  the  Watt  engine.  This 
was  in  the  early  part  of  the  third  period.  The  card  assumed  for 
this  period  is  not  supposed  to  be  perfect,  the  steam  line  is  defec- 
tive as  is  usual  where  a  single  valve  is  used,  and  the  vacuum  is 
not  as  good  as  can  be  produced  by  the  more  perfect  mechanisms 
of  the  present.  Revaporation  is  shown  to  have  taken  place, 
bringing  the  terminal  up  to  9  lbs.  as  is  stated.  In  the  data  from 
which  the  consumption  is  calculated  in  the  card,  between  1^  and 
2  lbs.  (which  is  not  uncommon  in  engines  of  the  present  day, 
where  the  cylinders  are  unprotected  and  steam  cut  off  at  an  early 
point  in  the  stroke)  will  be  found  correct. 

Referring  to  the  fourth  period  and  the  advisibility  of  comput- 
ing the  consumption  in  coal.  As  it  is  the  steam  engine  only 
that  we  have  under  consideration  it  would  be  a  mistake  to  refer 
its  consumption  to  coal.  The  amount  of  coal  used  in  producing 
steam  for  a  given  engine  may  vary  from  2  to  4  lbs.  per  hour  per 
horse  power,  according  to  the  quality  of  coal  or  the  construction 
and  condition  of  the  generating  plant  in  which  it  is  used.  Many 
other  circumstances  tend  to  vary  the  coal  consumption,  whereas 
the  quantity  of  steam  required  for  a  given  engine  will  be  constant 
no  matter  what  amount  of  coal  is  used  and  irrespective  of  the 
class  of  generating  plant,  providing  the  quality  and  pressure  be 
the  same.     It  is  customary  in   contracting   for    large  engines 
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"  even  where  the  generating  plant  is  included  in  the  same  con- 
tract" to  specify  that  the  engine  will  produce  a  horse  power  on  a 
given  number  of  lbs.  of  water. 

Eeferring  to  card  No.  4.  the  20  volumes  does  not  mean  that 
the  steam  is  cut  oil'  when  the  piston  has  moved  J^-th  of  its  stroke, 
but  that  a  quantity  of  steam  is  admitted  to  the  cylinder  equal 
to  ^th  of  its  total  volume  and  expanded  to  20  times  its  original 
volume.  In  actual  practice  in  computing  tho  number  of  expan- 
sions clearance  is  always  included,  as  it  would  be  impossible  to 
arrive  at  the  facts  otherwise.  An  engine  may  show  a  cut  off  at 
[  stroke  exactly,  but  it  does  not  follow  that  the  steam  is  ex- 
panded four  volumes.  In  most  engines  it  would  not  mean  more 
than  3iy  expansions. 

In  regard  to  loss  by  clearance,  Mr.  Bolland  seems  to  have  mis- 
taken the  author's  meaning.  Mr.  Bolland  has  furnished  two  effi- 
ciency tables  to  prove  that  clearance  up  to  a  certain  point  is  an 
advantage.  The  speaker  has  not  had  time  to  follow  up  the  calcu- 
lation, but  thinks  he  can  prove  without  going  very  deeply  into 
figures  that  the  greater  the  ratio  of  expansion  in  a  single  cylin- 
der the  greater  the  percentage  of  loss  by  clearance. 

In  card  ISTo.  5,  taken  in  the  first  place  without  clearance,  we 
assume  aM.  E.  P.  of  15  lbs. ;  we  will  assume  the  engine  constant 
to  be  one  ;  then  the  15  M.  E.  P.  will  represent  15  H.  P.  Then 
in  the  second  case  with  5  per  cent  clearance  the  same  volume  of 
steam  only  developes  a  M.  E.  P.  of  10.5  lbs.  or  10.5  H.  P.  with 
same  consumption  of  steam.  This  loss  of  initial  pressure  is  con- 
stant throughout  all  variations  of  load,  representing  a  loss  in 
clearance  in  the  present  instance  equal  to  30  per  cent  of  the  steam 
used  or  4.5  H.  P.  Xow,  if  we  assume  a  card  without  clearance 
of  45  lbs.  M.  E.  P.,  the  same  card  with  5  per  cent  clearance  will 
represent  40.5  M.  E.  P.  or  40.5  H.  P.,  reducing  the  loss  by  clear- 
ance to  10  per  cent  instead  of  30  per  cent  as  in  the  first  instance. 
The  loss  by  clearance  being  constant,  then  the  greater  the  M,  E. 
P.  the  less  will  be  the  percentage  of  loss,  and  the  less  the  M.  E.  P. 
the  greater  will  be  the  percentage  of  loss.  As  to  the  efficiency 
from  expansion  of  the  clearance  steam,  that  is  in  proportion  to 
the  point  of  cut  off,  but  the  speaker's  assertion  only  refers  to  the 
initial  loss,  which  is  the  loss  by  clearance. 


Thursday.  22nd  October. 
E.  P.  HANNAFORD,  Vice-President,  in  the  Chair. 

Paper  No.  55. 

TEASER  RIVER  BRIDGE. 

CANADIAN  PACIFIC  RAILWAY,  MISSION  BRANCH. 
By  H.  J.  Cambie,  M.  Can.  Soc.  C.  E. 

To  render  the  following  description  of  the  bridge  over  the 
Fraser  River  on  the  Mission  Branch  of  the  Canadian  Pacific 
Railway  intelligible,  it  is  necessaiy  to  offer  a  few  words  of  ex- 
planation as  to  the  location,  and  the  reasons  therefor. 

The  Fraser  River,  after  following  a  course  nearly  due  south 
for  300  miles,  breaks  through  the  Cascade  range  of  mountains  by 
the  Yale  Canon  and  continues  on  the  same  course  to  the  Village 
of  Hope  about  thirty  miles  from  the  boundary  of  the  United 
States  (49th  parallel.)  It  then  turns  sharply  to  the  west  and 
flows  in  that  direction  for  about  100  miles  in  a  wide  alluvial  val- 
ley, till  it  empties  into  the  Strait  of  Georgia.  This  is  known  as 
the  lower  Fraser  and  the  lands  on  either  bank  are  very  fertile, 
forming  the  best  agricultural  district  in  British  Columbia. 

The  main  line  of  the  Canadian  Pacific  Railway  follows  the 
right  bank  of  the  Fraser  to  Port  Hammond,  where  it  turns 
northward  to  Burrard  Inlet  and  the  City  of  Vancouver,  while 
the  Westminster  Branch  diverges  to  the  city  of  that  name  situate 
on  the  Fraser  River,  about  twenty  miles  from  its  mouth. 

To  connect  the  Canadian  Pacific  with  the  railway  systems  of 
the  State  of  Washington,  Mission  Station,  about  forty  miles  from 
Vancouver,  was  selected  as  the  most  suitable  point  from  which 
to  branch  oft  to  the  south,  and  the  Fraser  River  had  therefore  to 
be  crossed  in  that  neighborhood. 

The  actual  site  of  the  bridge  was  selected  in  the  longest; 
straight  reach  in  that  part  of  the  river,  and  which  showed  noji 
signs  of  having  changed  its  course  in  recent  3rears.  It  is  there 
considerable  depth  all  the  way  across — 1,600  feet  wide  at  high 
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tide  level,  42  feet  deep  near  the  north,  and  25  feet  deep  near  the 
south  bank.  A  .short  distance  above  the  bridge  it  is  200  feet 
narrower,  and  a  similar  distance  below,  200  feet  wider.  In  win- 
ter there  is  six  feet  of  tide  which  decreases  gradually  for  about 
twenty-five  miles  farther  up  where  it  ends.  Freshets  usually 
occur  in  Juno  or  July  and  have  risen  as  much  as  seventeen  feet, 
continuing  in  flood  for  a  couple  of  months. 

With  these  characteristics  it  was  hoped  that  there  would  not 
be  much  trouble  with  ice  or  driftwood,  and  that  the  bottom  would 
be  less  likely  to  scour  than  elsewhere.  Also  that  the  water  would 
not  be  dammed  up  to  any  appreciable  extent  by  the  piers,  for  on 
the  south  bank  is  a  dyke  six  feet  high,  which  reclaims  from  the 
overflow  of  the  river  about  10,000  acres  of  magnificent  land. 
This  dyke  was  completed  in  the  winter  of  1889-90  under  the 
superintendence  of  Mr.  G.  A.  Keefer,  M.  Can.  Soc.  C.  E. 

The  bottom  is  of  silt,  which  is  probably  of  great  depth,  for  the 
valley  from  Hope  downwards  has  evidently  at  no  very  distant 
(geological)  period  been  one  of  the  great  fiords  or  inlets  which 
reach  from  the  Pacific  Ocean,  far  into  the  Cascade  range  of 
mountains,  and  are  found  all  the  way  from  Puget  Sound  to 
Alaska. 

These  inlets  are  exceedingly  deep,  and  this  one  which  has  been 
filled  up  during  the  lapse  of  ages  by  the  silt  brought  down  by  the 
Fraser  River,  was  no  exception  to  the  rule. 

The  work  was  started  rather  hurriedly,  only  four  days  being 
taken  to  prepare  a  plan  and  specification,  and  contractors  having 
only  three  days  in  which  to  tender,  nevertheless  the  work  has  not 
been  materially  altered  since  its  commencement.  The  viaduct  is 
of  wood  3,000  feet  long,  and  consists  of  pile  trestle  approach  150 
feet,  one  span  100  feet,  seven  spans  150  feet,  swing  truss  239  feet 
over  all,  one  span  150  feet,  and  1,250  feet  of  pile  trestle  approach. 
Howe  truss  spans  of  150  feet  each  were  selected  as  being  the 
largest  which  it  is  desirable  to  build  in  wood. 

The  chief  difficulty  lay  in  designing  piers  of  moderate  cost 
which  should  be  safe  in  winter  when  there  is  thirty-five  feet  of 
water,  a  current  of  two  and  one  half  miles  an  hour,  and  at  times 
ice  which  shoves  with  great  force,  and  in  summer  when  there  is 
fifty-nine  feet  of  water,  a  current  of  five  miles  an  hour  and  drift- 
wood coming  in  tangled  masses,  sometimes  nearly  an  acre  in  area, 
as  well  as  trees  of  great  size. 
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Piers  were  originally  proposed  with  four  rows  of  piles  placed  at 
two  feet  centres  both  ways,  but  the  piles  averaging  fifty-five  feet 
in  length  the  butts  were  so  large,  that  it  was  found  impossible  to 
drive  them  so  close  together,  and  consequently  only  three  rows 
could  be  used,  placed  three  feet  centres  across  the  current,  that 
is  in  the  line  of  the  bridge,  and  two  feet  centres  up  and  down 
stream. 

Around  these  piles  cribs  were  built  of  square  timber,  with  ties 
nine  feet  apart  for  which  spaces  were  left  between  the  piles.  The 
cribs  are  eleven  feet  wide  outside  measurement,  and  forty-one 
feet  long,  with  noses  at  each  end  projecting  five  and  a  half  feet 
farther  and  meeting  in  a  right  angle. 

Ballast  chambers  were  formed  between  the  ties  in  two  of  the 
spaces — the  centre  row  of  piles  being  left  out — and  the  cribs  were 
sunk  as  built.  When  they  reached  bottom  the}T  were  filled  to  the 
top  with  rock  small  enough  to  sink  between  the  piles  and  form  a 
solid  mass.  Rip-rap  was  then  placed  on  the  outside,  eight  feet 
deep  next  the  cribs  and  extending  fifty  feet  in  all  directions  from 
them. 

Some  difficulty  was  experienced  in  sinking  such  a  large  mass 
of  timber  with  small  ballast  chambers,  and  in  some  cribs  ties  near 
the  bottom  were  allowed  to  extend  six  feet  outwards,  and  two 
ballast  platforms  formed  on  each  side,  which  arrangement  was 
convenient  for  sinking  the  cribs  during  construction,  but  cannot 
be  recommended  where  the  bottom  is  soft,  as  in  the  present  in- 
stance, as  the  surrounding  riprap  in  settling  into  the  mud,  fell 
away  from  the  platforms  leaving  a  space  through  which  the  cur- 
rent scoured  the  material  underneath  to  some  extent  before  it  was 
noticed  and  remedied. 

The  piles  are  driven  about  twenty  feet  into  the  bottom  of  the 
river,  and  are  cut  off  at  the  level  of  high  water  neap  tides,  being 
thus  wet  to  the  top  twice  every  day.  The  cribs  are  built  to  the 
same  height  and  are  expected  to  last  for  a  very  long  time,  as  the 
water  is  fresh,  very  cold,  and  not  known  to  be  inhabited  by  any 
noxious  insects.  Resting  on  the  piles  are  piers  formed  of  framed 
bents  twonty-five  feet  in  height,  which  places  the  bridge  seat  just 
eight  feet  above  the  highest  flood  known,  viz.,  that  of  1882. 
These  have  cutwaters  with  a  slope  of  1  to  1. 

Two  of  the  framed  piers  were  in  position  before  the  flood  of 
this  year  (1890)  and  one  of  them  was  tested  by  a  boom  of  logs 
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descending  the  river,  which  a  tug  was  unable  to  control.  They 
were  of  long  lengths,  man}-  of  them  four  feet  and  upwards  in 
diameter,  and  struck  with  such  force  as  to  slide  up  the  cutwater 
several  feet  without  jarring  it  in  the  least. 

For  reasons  which  it  is  unnecessary  to  discuss  here  the  swing 
has  been  built  with  an  opening  of  100  feet  on  each  side  of  the 
pivot  pier,  and  far  enough  from  the  shore  to  give  twenty-four 
feet  of  water  in  one  channel  and  nineteen  feet  in  the  other.  This 
pier  is  thirty  feet  in  diameter,  and  being  placed  so  far  out  in  the 
current  has  caused  a  good  deal  of  scour,  so  much  so  that  the  bot- 
tom of  each  channel  has  to  be  riprapped  right  across  and  for  a 
considerable  distance  up  and  down  the  stream. 

The  substitution  of  mattrasses  of  brush  for  the  riprap,  or  a  por- 
tion of  it,  was  fully  considered,  but  owing  to  the  depth  of  water 
and  rapidity  of  the  current  it  was  feared  that  difficulty  would  be 
experienced  in  sinking  them  exactly  where  required.  It  was 
found,  moreover,  that  the  amount  of  rip-rap  necessary  to  ensure 
their  remaining  permanently  in  position  would  bring  the  cost  up 
to  a  higher  figure  than  the  rip-rap  alone. 

The  swing  truss  and  gear  was  designed  by  Mr.  P.  A.  Peter- 
son, the  Chief  Engineer  of  the  Canadian  Pacific  Railway  Com- 
pany, and  has  an  arched  upper  chord,  fifty  of  the  sticks  in  which 
are  about  6"  x  12"  and  range,  from  seventy-eight  to  ninety-seven 
feet  in  length.  These  are  of  Douglas  fir,  sound  and  almost  clear, 
and  were  sawn  by  one  of  the  mills  at  Vancouver. 

As  a  further  instance  of  the  facilities  afforded  by  the  timber  of 
British  Columbia  for  special  classes  of  bridge  work,  it  is  worth 
mentioning  that  all  the  piles  used  in  the  false  works  of  this 
bridge,  reached  up  to  the  lower  chords,  and  ranged  from  seventy 
to  eighty-five  feet  in  length. 

It  is  expected  that  the  track  will  be  laid  over  the  bridge  e^rly 
next  month.     (January,  1891.) 

The  general  character  of  the  bridge  will  be  be.^t  seen  by  re- 
ference to  the  accompanying  plans,  (Plates  VII  and  VIII.) 

Vancouver,  B.  C,  December  2?tb,  1890. 


DISCUSSION. 


Mr.  E.  P. 

Hannaford. 


Mr.  J.  AV. 

McCarthy. 


Mr.  W.  J. 

-Sproule. 


Mr.  E.  P.  Hannaford  said  that  an  uneven  number  of  panels  in 
a  Howe  truss  bridge  was  an  evident  error,  as  it  did  not  permit 
the  main  braces  meeting  in  the  centres  of  the  spans  as  they 
should  do,  and  it  left  the  centre  panels  without  sufficient  bracing. 
He  observed  that  with  the  exception  of  the  swing  bridge  and 
one  fixed  span,  the  remaining  spans  of  150  feet  each  were  ar- 
ranged with  uneven  number  of  panels. 

Mr.  J.  "W.  McCarthy  said  Mr.  Cambie's  paper  would  have 
proved  far  more  interesting  had  he  given  detail  dimensions  and 
cost  of  different  structures.  Mr.  Hannaford  remarks  that  in  the 
Howe  truss  mentioned  by  Mr.  Cambie  the  panels  being  uneven, 
shows  a  faulty  design  and  not  at  all  good  practice.  This  is  not 
the  case,  and  it  is  not,  in  his  opinion,  a  question  to  an  engineer  in 
dividing  up  a  Howe  truss  whether  the  panels  will  be  even  or 
uneven.  In  designing  a  Howe  truss,  like  any  other  truss,  the 
first  thing  to  decide  is  the  length  of  panel.  Now  should  the  panels 
be  even,  the  main  braces  will  abut  at  the  top  chord  prism  at 
centre  of  truss  ;  if  the  panels  are  uneven  the  braces  in  this  middle 
panel  become  counters.  There  are  cases  where  even  number  of 
panels  aro  most  generally  used,  and  that  is  in  trusses  which  have 
a  single  system  of  bracing. 

Mr.  W.  J.  Sproule  said  that  information  on  the  following  points, 
which  Mr.  Cambie  can  no  doubt  add  to  his  interesting  paper,  will 
be  of  value : 

1.  The  elevation  of  the  Fraser  River  at  the  site  of  the  bridge, 
above  sea  level.  This  is  of  deep  interest  in  connection  with  the 
rise  of  tide  and  the  currents  developed  by  freshets,  especially  of 
such  as  rise  seventeen  feet  above  normal  level  of  the  river. 

2.  More  particulars  of  the  river  bed.  It  is  said  to  be  of  "silt," 
"  probably  of  great  depth."  "What  is  the  nature  of  this  silt  ?  Is 
it  very  soft,  or  medium,  or  heavy  silt  ?  What  is  its  depth  ?  Have 
any  borings  or  tests  by  bars  or  other  means,  been  made  to 
ascertain  its  character  or  depth  ? 

3.  Additional  details  of  the  piers.     Apparently  the  superstruc- 
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ture  is  supported  entirely  on  the  piles,  and  the  cribwork  is  merely 
a  casing  to  protect  the  piles  from  abrasure  by  ice  or  drift-wood. 
Is  thi>  the  case,  or  are  the  superstructure  piles  and  cribwork  all 
bound  together  ?  If  the  latter,  how  was  settlement  of  the  crib- 
work arranged  for  ?  Settlement  would  probably  take  place  in 
such  a  soft  bottom  and  the  cribwork  might  continue  settling 
for  some  time. 

4.  Did  the  scour  mentioned  as  occurring  in  the  swing  spans 
take  place  at  the  normal  state  of  the  river  or  during  a  freshet  ? 
If  the  latter,  was  it  a  high  freshet  or  a  moderate  one. 

5.  From  the  spans  and  dimensions  of  piers  and  rip-rap  it  is 
seen  that  the  normal  cross  section  of  water-way  is  decreased  about 
18  per  cent,  while  the  wetted  perimeter  is  increased  nearly  40 
per  cent.  This  interference  with  the  discharging  capacity  of  the 
river  must  to  a  certain  extent  increase  the  current  in  parts  of  the 
remaining  water-way  and  is  important  in  the  case  of  an  unstable 
bed  and  may  become  serious  in  case  of  extraordinary  freshets. 

Mr.  Alan  Macdougall  said  that  to  consider  the  scheme,  prepare  Mr.  Alan 
plans  and  specifications  in  four  days,  and  let  the  contract  in  three  Macdouga  *• 
days  thereafter,  is  a  tour  deforce. 

The  paper  is  a  good  general  description  of  what  is  undoubt- 
edly a  difficult  engineering  work,  but  the  details  are  so  meagre 
there  is  no  opening  for  discussion  in  the  paper.  A  few  details  of 
cost  of  work,  reasons  for  limiting  the  spans  to  150  feet,  and  size 
of  openings  for  swing  span  to  100  feet,  would  have  been  valuable 
as  engineering  information  and  for  discussion. 

Mr.  H.  J.  Cambie,  in  reply  to  Mr.  Sproule,  stated  that :  Mr.  H.J. 

'  *    J  *■  Cambie. 

1.  There  has  not  been  any  occasion  in  connection  with  the 
railway  works  to  observe  the  tides  very  accurately  at  the  bridge, 
but  it  is  known  that  tidal  high  water  there  is  about  j\  feet  higher 
than  at  Burrard  Inlet  on  salt  water,  and  that  during  spring  tides 
there  is  only  a  rise  and  fall  of  6  feet,  while  at  Burrard  Inlet  on 
similar  occasions  there  is  16f^  feet. 

2.  The  silt  deposited  in  the  tidal  portion  of  the  river  is  heavy, 
but  extremely  fine,  and  when  protected  from  scour  forms  a  fairly 
solid  bottom.  Many  of  the  piles  which  were  driven  20  feet  into 
it.  did  not  even  when  first  entered,  go  more  than  four  inches  to 
each  blow  of  a  3,000  lb.  hammer  falling  a  distance  of  eight  feet, 
and  offered  more  and  more  resistance  as  they  went  down. 
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There  is  no  record  of  any  boring  having  been  made  to  ascer- 
tain the  depth,  but  tho  configuration  of  the  ground  is  such  as  to 
suggest  its  being  great.  And  there  are  lakes  which  appear  to 
have  been  arms  of  the  inlet  referred  to,  which  are  of  great  depth. 
The  silt  brought  down  by  the  Fraser  filled  up  the  main  valley 
but  could  not  reach  into  the  side  ones,  thus  Harrison  Lake  is 
known  to  be  deep  and  Pitt  Lake  is  shown  on  the  Admiralty 
charts  with  soundings  of  200  to  450  feet,  although  the  outlets  to 
the  Fraser  are  shallow. 

3.  The  superstructure  is  supported  entirely  on  piles,  the  cribs 
filled  with  stone  being  used  principally  as  a  means  of  bracing  the 
piles  together,  though  they  are  also  a  protection  against  ice  and 
drift  logs.  The  cribs  are  not  bound  in  anyway  to  the  piles, 
nevertheless  they  have  not  settled  perceptibly.  The  stone  filling 
sank  about  4  feet  in  three  months,  was  made  up  again,  and  has 
since  remained  stationary. 

In  the  same  way  the  riprap  round  the  outside  of  the  piers 
settled  from  four  to  six  feet,  was  partly  filled  up  again  and  soems 
to  be  now  quite  solid. 

4.  The  scour  in  the  swing  spans  took  place  during  the  freshet 
of  1890,  which  rose  12f0-  feet  above  the  highest  tide.  It  came  up 
suddenly  in  the  month  of  May,  nearly  a  month  earlier  than 
usual,  immediately  after  the  cribs  had  been  sunk  and  before  any 
considerable  quantity  of  riprap  had  been  placed  round  them. 
The  highest  known  freshet  (that  of  1882)  was  3$i  feet  higher 
than  that  of  1890. 

5.  Daring  freshets,  such  as  that  of  1890,  the  water-way  is  re- 
duced just  about  10  per  cent,  and  the  current  is  perceptibly 
increased  between  the  piers,  but  no  effort  has  been  made  to 
ascertain  the  rate. 

Four  of  the  piers  have  now  stood  the  freshets  of  three  seasons 
without  any  injury,  and  the  others  for  two  seasons,  so  that  the 
structure  may  be  considered  satisfactory. 


Thursday,  5th  November. 

JOHN  KENNEDY,  Vice-President,  in  the  Chair. 

Paper  No.  5tt. 

ENERGY  AND  LABOR 

By  Gr.  C.  Ccningham,  M.  Can.  Soc.  C.  E. 

In  presenting  the  following  paper  to  the  Canadian  Society  of 
<  ivil  Engineers  some  apology  should,  perhaps,  be  offered  for 
having  taken  up  a  subject  that  is  different  in  st}"le  from  those 
usually  brought  forward.  Instead  of  describing  some  particular 
work,  a  general  investigation  of  labour  in  its  application  to  work 
is  nndertaken.  Engineers  have  constantly  to  deal  with  questions 
of  cost  of  construction,  and  these  questions  immediate]}"  involve 
the  question  of  the  cost  of  that  labour,  from  which  all  construc- 
tion results.  Therefore  an  investigation  into  the  cost  of  labour — 
an  enquiry  as  to  what  constitutes  labour — cannot,  perhaps,  be 
without  interest  to  engineers,  and  may  prove  of  some  value.  It 
is  impossible,  however,  to  make  this  investigation  or  enquiry 
without  crossing,  at  some  points,  the  well  beaten  paths  of  the 
political  economist.  Indeed,  we  do  not  proceed  far  before  we 
find  our  track  running  parallel  to  his,  and  in  a  comprehensive 
survey  of  the  question  it  is  necessary  to  include  much  that  has 
been  mapped  out  by  previous  explorers.  When  the  country  is 
particularly  difficult  and  rugged — to  pursue  the  metaphor — we 
will  often  find  it  best  to  follow  the  established  trail ;  but  at  other 
points,  again,  with  true  engineering  instinct,  we  may  bridge  some 
deep  chasm  rather  than  make  a  long  and  labourous  detour  to 
avoid  it. 

What  is  labour?  An  answer  to  this  question  that  will  be  suffi- 
ciently wide  to  embrace  all  kinds  of  labour  is  that,  "  Labour  is  the 
expenditure  of  energy,"  and  so  far  as  the  work  of  producing  or 
constructing  is  concerned,  "Labour  is  the  expenditure  of  energy 
to  the  doing  of  useful  work  that  commands  remuneration." 

Man,  in  his  dealing  with  nature,  can  create  nothing.  All  that 
ho  can  do  is  to  arrange   matter  in  different  forms  from  those  in 
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which  it  previously  existed.  The  whole  phenomenon  of  produc- 
tion consists  only  in  the  collection,  separation,  combination,  ar- 
rangement and  distribution  of  matter.  There  is  nothing  made, 
in  the  sense  of  something  being  brought  into  existence  that  pre- 
viously was  non-existent.  The  only  means  by  which  this  treat- 
mentof  matter  can  be  effected  is  by  the  application  to  it  of  energy, 
the  energy  of  force  or  motion.  B}t  the  application  of  force  and 
motion  to  matter  it  is  brought  into  new  combinations,  and  is 
made  subservient  to  human  uses.  The  object  of  labour  is  to  bring 
matter  into  such  conditions  that  it  maybe  immediately  useful,  or 
that,  when  acted  upon  by  natural  forces,  such  as  solar  heat,  it 
may  produce  commodities  that  are  of  use.*  Broadly  speaking, 
manufactured  articles  come  under  the  first  division,  agricultural 
commodities  under  the  second.  But  whatever  the  commodity 
may  be,  the  expenditure  of  energy  is  required,  i.e.,  labour,  to 
obtain  or  produce  it.  Even  the  fruit  growing  wild  on  the  tree 
requires  the  labour  of  gathering  it  before  it  can  be  used. 

Before  going  further  it  may  be  well  to  devote  a  little  time  to 
the  consideration  of  energ}T,  in  the  special  sense  in  which  the 
term  is  now  used,  and  to  the  source  from  which  energy,  as  we 
know  it  upon  the  earth,  is  derived.  A  full  discussion  of  the  sub- 
ject would  occupy  more  space  than  can  be  afforded  here,  but  a 
most  complete  and  beautiful  elucidation  of  the  question  will  be 
found  in  the  eighth  chapter  of  Herbert  Spencer's  "  First  Prin- 
ciples " — on  the  Transformation  and  Equivalence  of  Forces. 

The  doctrine  of  the  conservation  of  energy  shows  that  energy 
or  force,  like  matter,  can  be  neither  created  nor  destroyed.  All 
that  can  be  done  is  merely  to  transform  energy,  that  is,  to  change 
it  from  one  form  of  being  into  another.  Joule  and  others  have 
investigated  the  energy  of  heat  and  have  determined  its  mechani- 
cal equivalent ;  this  they  have  found  to  be  772  foot  pounds  in 
order  to  raise  one  pound  of  water  one  degree  fahrenheit.  That 
is  to  say,  there  is  as  much  energy  expended  In  this  operation  as 
would  raise  772  pounds  weight  a  foot  high,  or  conversely  772 
pounds  weight  when  raised  a  foot  high  would,  if  let  fall  under  the 
action  of  gravity,  give  forth  the  same  quantity  of  heat  by  the  force 
of  the  fall.  The  weight,  when  raised  up,  possesses  energy  in  the 
potential  form.  So  long  as  it  remains  raised  it  is  capable  of  doing 
work  by  letting  it  fall.     When  it  has  fallen  it  no  longer  retains 

*  Compare  "  Principles  cf  Political  Economy,"  J.  S.  Mill,  Book  I,  chap.  I,  sect.  2. 


Cuningham  on   Energy  and  Labour.  237 

potential  energy,  but  its  energy  appears  in  the  heat  caused  bj-  the 
fall,  or  it  ma}'  be  in  the  work  it  has  done  in  falling.  Thus  this 
weight  in  falling  might  be  made  to  raise  another  similar  weight  to 
a  similar  height  (friction  disregarded),  when  the  potential  energy 
would  be  transferred  to  No.  2  ;  or  it  might  be  used  to  raise  half 
its  weight  to  twice  the  height,  or  a  quarter  of  its  weight  to  four 
times  the  height,  or  so  on,  in  all  of  which  cases  the  potential 
energy  would  simply  be  transferred  from  one  weight  to  the  other. 

In  a  quite  analogous  manner  fuel  possesses  potential  energy. 
The  fuel,  before  combustion,  is  a  store  of  energy.  Daring  the 
process  of  combustion  heat  is  given  out  which  can  be  applied  to 
the  doing  of  work.  "Whence  comes  the  energy  of  the  fuel  ? 
Modern  science  shows  that  it  comes  from  the  sun's  rays.  The 
energy  of  the  sun  has  been  absorbed  in  the  production  of  the  fuel 
and  is  held  stored  up  there  until  combustion  again  sets  it  free. 
And  each  unit  of  heat  set  free  by  combustion  has,  as  before  ex- 
plained, its  mechanical  equivalent.  If  each  unit  could  be  cap- 
tured and  made  to  do  work  all  could  be  transformed  into  work 
done.  Unfortunately,  our  appliances  and  engines  for  converting 
heat  into  work  are  as  yet  so  imperfect  that  by  far  the  greater 
part  of  the  heat  evolved  in  combustion  escapes  and  spreads 
through  the  surrounding  media,  and  only  a  very  small  portion  of 
it  is  converted  into  useful  work.  From  calculations  which  the 
writer  made  in  regard  to  the  energy  of  fuel  in  locomotives  *.  it 
was  found  that  on  the  Canada  Southern  Railway,  a  line  having 
very  flat  gradients,  running  through  the  southern  part  of  the 
Province  of  Ontario,  so  small  a  quantity  as  2.3  ounces  of  coal  pro- 
duced in  combustion  sufficient  energy  to  move  a  ton  weight 
(American)  one  mile.  Though  the  fact  that  a  little  piece  of 
coal  such  as  this — that  can  easily  lie  in  the  palm  of  one's  hand — 
possesses  within  itself  the  dormant  force  that  is  capable  of 
moving  a  mass  more  than  thirteen  thousand  times  its  weight 
a  distance  of  a  mile  is  sufficiently  astonishing,  yet  what 
must  be  our  wonder  at  the  power  of  fuel,  when  we  rind  that  to  do 
this  great  work  only  3^  per  cent,  of  the  total  energy  contained  in 
this  little  piece  of  coal  is  used,  and  96i  per  cent,  is  lost  and  wasted. 
If  all  the  energy  contained  in  the  2-3  ounces  of  coal  could  be 
harnessed  and  made  to  do  work,  it  would,  on  the  Canada  Southern 

*  Cuningham  on  "  The  Energy  of  Fuel  in  Locomotives  :  "  minutes  of  proceedings 
Inst.  Civil  Engineers,  Vol.  lxxxiii,  p.  311. 
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Railway,  be  capable  of  moving  a  ton  weight  28^  miles!  While 
we  have  this  fact  beforo  us,  let  us  compare  it  with  similar  work 
done  by  human  energy  alone,  unaided  by  mechanical  appliances. 
To  convey  a  ton  (2,000  lbs.),  a  distance  of  a  mile  by  "  bearers  " 
would  require  the  full  energy  of  two  men  for  a  whole  day.  If 
they  took  100  lb.  loads,  each  would  require  to  make  ten  "  trips," 
and  thus  walk  20  miles  to  do  the  work.  The  energy  of  two  men 
being  expended  for  a  day,  would  therefore,  only  accomplish  what 
the  energy  of  2-3  ounces  of  coal  does  on  the  Canada  Southern 
Railway  in  three  minutes, — taking  the  speed  of  a  freight  train  at 
20  miles  per  hour.  We  see  from  this  how  much  better  adapted 
fuel  energy  is  to  the  doing  of  such  work  than  human  energy. 

The  energy  of  the  human  body  that  is  expended  in  doing  work, 
or  carrying  on  the  vital  processes,  is  obtained  in  a  similar  manner 
to  the  energy  of  the  locomotive.  The  food  that  we  eat  is  the  fuel 
that  supplies  us  with  energy,  and  the  assimilation  of  this  food  is 
analogous  to  the  combustion  of  fuel  that  takes  place  in  an  engine 
furnace.  The  energy  of  the  food  is  also  derived  from  the  same 
source  as  the  energy  of  the  fuel,  namely:  the  sun's  rays.  This 
will  be  made  clearer  by  a  quotation  from  an  article  on  this  subject 
written  by  Prof.  Balfour  Stewart,  that  appeared  in  the  Contem- 
porary Review  for  July,  1882,  "  On  the  Conservation  and  Dissipa- 
tion of  Energy." 

"  A  healthy  man  possesses  energy,  for  he  has  the  power  of 
"  doing  work  :  there  must,  therefore,  be  in  his  body  a  store  of 
u  energy,  and  this  must  be  energy  of  position,  or  potential  energy, 
"  as  it  is  called.  This  is  clearly  derived  from  the  food  which  he 
41  eats,  taken  in  conjunction  with  the  air  which  he  breathes.  Some- 
u  thing  analogous  to  combustion  must  be  taking  place  in  his 
"  animal  frame,  and  just  as  in  an  engine  the  energy  of  the  fuel 
"  is  converted  into  heat  and  work,  so  in  his  body  the  energy  of 
"  food  is  converted  into  heat  and  work.  Food,  therefore,  has  a 
"  kind  of  energy  analogous  to  that  which  fuel  possesses.  Now, 
"  whence  does  food  derive  its  energy?  It  is  either  animal  or 
"vegetable;  if  the  former,  no  doubt  the  animal  which  furnished 
u  it  had  fed  on  vegetables,  so  that  we  may  limit  our  enquiry  to  the 
"latter.  Whence  then  do  vegetables  derive  their  energy  ?  We 
"  reply,  from  the  sun's  rays." 

A  complete  investigation  of  this  subject  in  all  its  aspects,  such 
*as  is  undertaken  by  Spencer  in    the  chapter  before  mentioned, 


Cuningham  on  Energy  and  Labour.  23'.' 

shows  that  the  prime  source  of  all   energy  on  the  earth   is  the 

sun's  ray-.     In  oider  to  lay  the  foundations  on  which  tohuildthc 
•ceding  argument  in  regard  to  labour,  it  is  necessary  to  make 
some  quotations  from  this  chapter.     At  page  20G,  Spencer  Baye 

"  When  we  enquire  under  what  forms  previously  existed  the 
"  force  -which  works  out  the  geological  changes  classed  as 
"  aqueous,  the  answer  is  less  obvious.  The  effects  of  rain,  of 
"  rivers,  of  winds,  of  waves,  of  marine  currents,  do  not  manifestly 
"  proceed  from  one  source.  Analyst  •,  nevertheless,  proves  to  u* 
"  that  they  have  a  common  genesis.  If  we  ask,  whence  comes 
'•  the  power  of  the  river  current,  bearing  sediment'down  to  the 
"sea?  The  reply  is,  the  gravitation  of  water  throughout  the 
"  tract  which  this  river  drains.  If  we  ask,  how  came  this  water 
"  to  be  dispersed  over  this  tract  ?  The  reply  is,  it  fell  in  the  shape 
'•  of  rain.  If  we  ask,  how  came  the  rain  to  be  in  that  position 
'•  whence  it  fell  ?  The  reply  is.  the  vapour  from  which  it  was 
"  condensed  was  drifted  there  by  the  winds.  If  we  ask,  how 
"  came  the  vapour  to  be  at  that  elevation  ?  The  reply  is,  it  was 
'•  raised  by  evaporation.  And  if  we  ask.  what  force  thus  raised 
'•'  it  ?  The  reply  is,  the  sun's  heat.  Just  that  amount  of  gravi- 
"  tative  force  which  the  sun's  heat  overcame  in  raising  the  atoms 
'•  of  water,  is  given  out  again  in  the  fall  of  those  atoms  to  the 
"  same  level.  Hence,  the  denudations  effected  by  rain  and  rivers 
"  during  the  descent  of  this  condensed  vapour  to  the  level  of  the 
"  sea,  are  indirectly  due  to  the  sun's  heat.  Similarly  with  the 
'•  winds  that  transport  the  vapours  hither  and  thither.  Conse- 
"  quent  as  atmospheric  currents  are  on  differences  of  temperature 
"  (either  general,  as  between  the  equatorial  and  polar  regions,  or 
'•  special  as  between  tracts  of  the  earth's  surface  of  unlike 
"  physicial  characters),  all  such  currents  are  due  to  that  source 
u  from  which  the  varying  quantities  of  heat  proceed.  And  if  the 
"  winds  thus  originate,  so  too,  do  the  waves  raised  by  them  on 
"  the  sea's  surface.  Whence  it  follows  that  whatever  changes 
'•  waves  produce, — the  wearing  away  of  shores,  the  breaking 
"  down  of  rocks  into  shingle,  sand,  and  mud — are  also  traceable 
"  to  the  solar  rays  as  their  primary  cause.  The  same  may  be  said 
"  of  ocean  currents.  Generated  as  the  larger  ones  are  by  the 
'•  excess  of  heat  which  the  ocean  in  tropical  climates  continually 
"  acquires  from  the  sun  ;  and  generated  as  the  smaller  ones  are 

*  ,;  First  Principle.?."    Second  Edition. 


240  Cuningham  on  Energy  and  Labour. 

"  by  minor  local  differences  in  the  quantities  of  solar  heat 
'•  absorbed  ;  it  follows  that  the  distribution  of  sediment  and  other 
"  geological  processes  which  these  marine  currents  effect,  are 
"  affiliable  upon  the  force  which  the  sun  radiates.  The  only 
'•  aqueous  agency  otherwise  originating  is  that  of  the  tides,  an 
'•  agency  which,  equally  with  the  others,  is  traceable  to  unex- 
"  ponded  astronomical  motion.  But  making  allowance  for  the 
'■  changes  which  this  works,  we  reach  the  conclusion  that  the 
"  slow  wearing  down  of  continents  and  gradual  filling  up  of  seas, 
,:  by  rain,  rivers,  winds,  waves  and  ocean  streams,  are  the  in] 
"  direct  effects  of  solar  heat." 

Again  at  page  209  : 

"That  animal  life  is  immediately  or  mediately  dependent  on 
"  vegetal  life,  is  a  familiar  truth  ;  and  that,  in  the  main,  the  prol 
"  cesses  of  animal  life  are  opposite  to  those  of  vegetal  life,  is  a 
"  truth  long  current  among  men  of  science.  Chemically  considered, 
"  vegetal  life  is  chiefly  a  process  of  de-oxidation,  and  animal  life, 
"  chiefly  a  process  of  oxidation.  Chiefly,  we  must  say,  because 
"  in  so  far  as  plants  are  oxpenders  of  force  for  the  purposes  of 
"  organization,  they  are  oxidizers  (as  is  shown  by  the  exhalations 
"  of  carbonic  acid  during  the  night),  and  animals  in  some  of  their 
"  minor  processes  are  probably  de-oxidizers.  But  with  this 
"  qualification,  the  general  truth  is  that  the  plant,  decomposing 
"  carbonic  acid,  and  water,  and  liberating  oxygen,  builds  up  the 
"  detained  carbon  and  hydrogen  (along  with  a  little  nitrogen  and 
ei  small  quantities  of  other  elements  elsewhere  obtained),  into 
"  branches,  leaves  and  seeds,  and  absorbing  oxygen,  recomposes 
"  carbonic  acid  and  water,  together  with  certain  nitrogenous 
"  compounds  in  minor  amounts.  And  while  the  decomposition 
"  effected  by  the  plant,  is  at  the  expense  of  certain  forces  emanat 
'•  ing  from  the  sun,  which  are  employed  in  overcoming  the 
11  affinities  of  carbon  and  hydrogen  for  the  oxygen  united  with 
"  them  ;  the  re-composition  effected  by  the  animal,  is  at  the  profit 
"  of  these  forces,  which  are  liberated  during  the  combination  of 
<;  such  elements.  Thus  the  movements,  internal  and  external,  of 
•'  the  animal,  are  re-appearances  in  new  forms,  of  a  power 
"  absorbed  by  the  plant  under  the  shape  of  light  and  heat.  Just 
"  as  in  the  manner  above  explained,  the  solar  forces  expended  in 
"  raising  vapour  from  the  sea's  surface,  are  given  out  again  in 
"  the  fall  of  rain  and  rivers  to  the  same  level,  and  in  the  accom 
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*'  panying  transfer  of  solid  matters;  >o  the  solar  forces  that  in 
"  the  plant  raised  certain  chemical  elements  to  a  condition  of 
"  unstable  equilibrium,  are  given  out  again  in  the  actions  of  the 
'•animal  in  the  fall  of  these  elements  to  a  condition  of  stable 
"  equilibrium." 

And  again  at  page  220  : 

"  Xot  only  is  the  force  expended  by  the  horse  harnessed  to  the 
"  plough,  and  by  the  laborer  guiding  it,  derived  from  the  same 
"  reservoir  as  is  the  falling  cataract  and  the  roaring  hurricane  ; 
"  but  to  this  same  reservoir  are  eventually  traceable  those  subtle 
u  and  more  complex  manifestations  of  force  which  humanity,  as 
41  socially  embodied  evolves  *  '■'■'  *  *  *  Currents 
*'  of  air  and  water  which  before  the  use  of  steam  were  the  only 
"  agencies  brought  in  aid  of  muscular  effort  for  the  performance 
41  of  industrial  processes,  are,  as  we  have  seen,  generated  by  the 
*  "heat  of  the  sun.  And  the  inanimate  power  that  now,  to  so 
"  vast  an  extent,  supplements  human  labour,  is  similarly  derived, 
44  The  late  George  Stephenson  was  one  of  the  first  to  recognize 
"  the  fact  that  the  force  impelling  his  locomotive,  originally 
"  emanated  from  the  sun.  Step  by  step,  we  go  back  from  the 
"  motion  of  the  piston  to  the  evaporation  of  the  water  ;  thence 
"  to  the  heat  evolved  during  the  oxidation  of  coal ;  thence  to  the 
'•  assimilation  of  carbon  by  the  plants  of  whose  imbedded  remains 
"  coal  consists:  thence  to  the  cabonic  acid  from  which  their  car- 
41  bon  was  obtained :  and  thence  to  the  rays  of  light  that  deoxi- 
41  dized  this  carbonic  acid.  Solar  forces,  millions  of  years  ago 
"  expended  on  the  earth's  vegetation,  and  since  locked  up  beneath 
"  its  surface,  now  smelt  the  metals  required,  for  our  machines, 
"  turn  the  lathes  by  which  the  machines  are  shaped,  work  them 
11  when  put  together,  and  distribute  the  fabric  they  produce." 

These  few  extracts  will  indicate,  with  sufficient  clearness,  the 
sense  in  which  the  term  "  Energy"  is  used,  and  give  in  as  con- 
densed a  form   as  possible,  the   conclusions  arrived  at   by  the 
application  of  the  modern  doctrine  of  the  Conservation  of  Energy. 
From  this  we  see  that  all  force  with  which  we  are  acquainted  on 
\   the  earth  (except  the  force  of  gravity)   is   primarily  due  to  the 
\  sun's  rays.     All  human  energy  and  all  animal  energy,  the  force  \ 
\of  rivers  and  winds,    the   energy  of  heat  and  light  in  whatever  ( 
manner  manifested :  all  are  ultimately  due  to  the  solar  rays.  And 
/thus  a  strong  healthy  man,  and  a   heap  of  coal  are  each  of  them 
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sources  from  which  can  be  obtained  energy  that  may  be  applied 
to  the  doing  of  work;  and  both  derive  their  energy  from  the 
same  source — the  Sun. 

Reverting  now  to  the  definition  given,  that  "  Labour  is  the 
expenditure  of  Energy,"  we  can  understand  how  wide  that  defini- 
tion is.  "Both  energy  and  matter  are  alike  uncreatable  and 
indestructible.  All  that  man  can  do  is  to  move  matter,  and  to 
guide  and  control  energy.  The  energy  that  he  can  make  use  of 
appears  under  various  forms  ;  but  under  all  these  forms  it  can  be 
used  by  man  to  certain  extents  and  degrees,  and  can  be  directed 
by  him  to  the  doing  of  work.  And  in  so  far  as  energy  is  used  to 
do  work  that  commands  renumeration,  it  is  Labour  in  the  sense 
in  which  that  word  is  used  by  the  Political  Economist.  With  this 
fundamental  notion  of  what  Labour  is,  we  will  be  in  a  position 
the  better  to  investigate  all  the  phenomena  of  Labour. 

In  his  primitive  condition  man  has  control  over  no  other 
energy  than  that  stored  up  in  his  own  body,  and  produced  by 
the  consumption  or  combustion  of  the  food  ho  eats.  If  he 
wishes  to  move  from  one  place  to  another,  he  can  do  so  only  by 
his  own  muscular  exertion:  i.  e.  by  the  expenditure  of  his  own 
energy.  If  he  wishes  to  convey  anything  from  one  place  to  an- 
other, he  can  do  so  only  by  carrying  it  himself:  i,  e.  by  a  further 
expenditure  of  his  own  energy.  The  first  step  in  advance  of  this 
primitive  condition  is  taken  when  he  rears  and  trains  animals,- 
horses  and  cattle— to  do  this  work  for  him  :  thus  substituting 
the  less  cosily  animal  energy  for  his  own  :  or  when  he  makes 
boats,  "  dugouts,"  or  canoes,  by  which  he  can  convey  himself 
and  his  goods  on  the  water  with  a  less  expenditure  of  his  own 
energy  than  he  would  have  to  make  to  do  the  same  work  on 
land.  A  further  advance  is  made  when  he  constructs  vehicles 
for  his  horses  to  draw,  and  prepares  ways  on  which  the  vehicles 
may  travel,  thus  economising  the  energy  of  his  horse,  and 
enabling  it  to  convey  more  goods  in  this  manner  than  it  could 
when  loaded  in  the  primitive  fashion  on  its  back  :  and  when  he 
improves  the  build  of  his  boats,  so  that,  by  offering  less  resist- 
ance to  the  water,  his  energy  in  propelling  may  be  able  to  con- 
vey a  larger  weight  of  goods  than  formerly,  and  thus  rendered 
more  efficient.  A  still  more  decided  advance  is  made  when  he 
applies  sails  to  his  boat,  and  employs  the  energy  of  the  wind- 
which  he  can  obtain  without  any  cost  of  production — to   propel 
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the  boat  and  its  load,  while  his  energy  is  expended  merely  in 
directing  and  guiding  the  vessel.  Every  improvement  in  ship- 
building has  been  made  with  constantly  the  same  object:  to 
obtain  the  largest  and  fastest  currying  capacity  with  the  least 
expenditure  of  human  energy:  to  build  vessels,  and  to  construct 
and  arrange  sails  ibr  them,  that  will  enable  them  to  be  moved 
with  the  slightest  breeze,  and  at  as  many  angles  to  the  direction 
of  the  wind  as  possible:  that  is,  to  make  the  largest  possible  use 
of  the  energy  of  the  wind,  without  the  direct  propelling  force  of 
human  energy. 

The  application  of  animal  energy  to  the  doing  of  work  has 
proceeded  on  lines  similar  to  those  above  indicated.  Horses  have 
been  carefully  bred  and  reared  so  as  to  produce  animals  that 
were  capable  of  exerting  great  strength,  or  putting  forth  great 
speed ;  that  is,  animals  in  whose  bodies  the  energy  of  the  food 
consumed  would  be  transformed  into  the  largest  possible  amount 
of  active  energ}~,  and  whose  bodies  should  be  best  adapted  to  re- 
transform  this  energy  into  work.  Vehicles  have  been  constructed 
as  light  as  possible,  and  of  the  best  form  that  could  be  devised 
for  easy  movement,  and  roads  have  been  built  offering  as  little 
resistance  as  possible  to  the  movement  of  vehicles,  so  that  a  min- 
imum of  the  energy  of  the  animal  might  be  wasted  in  overcoming 
mere  resistances  of  the  vehicles  or  road,  while  a  maximum  should 
be  devoted  to  the  performance  of  useful  work.  Every  one  knows 
that  with  a  heavy,  lumbering  vehicle  on  a  hilly  broken  road,  a 
horse  could  take  a  much  smaller  load  than  with  a  light  well  con- 
structed vehicle  on  a  smooth,  evenly-built  road  ;  the  reason  being 
that  in  the  first  instance  a  large  part  of  the  horse's  energy  is  ab- 
sorbed in  overcoming  the  resistances  of  vehicle  and  road,  and  a 
small  part  only  left  to  be  applied  to  the  conveyance  of  the  load, 
whereas  in  the  second  case  a  small  part  of  the  energy  is  absorbed 
by  the  resistances  of  vehicle  and  road,  and  the  larger  part  appli- 
cable to  the  conveyance  of  the  load. 

Similar,  too,  has  been  the  application  of  the  energy  of  flowing 
or  falling  water  to  the  doing  of  work.  Man  built  dams,  and  con- 
structed mill  races  with  sluices,  wheels  and  other  appliances,  so 
that  he  might  make  use  of  the  energy  of  water  falling  from  a 
higher  to  a  lower  level,  and  apply  part  of  it  to  the  doing  of  work. 
In  order  to  secure  this  supply  of  energy  from  the  water,  it  was 
necessary  first  to  expend  energy  in  the  construction  of  dams, 
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mill  races,  etc.,  ju^t  as,  in  order  to  get  the  full  benefit  of  animal 
energy  it  is  necessary  previously  to  expend  energy  in  the  con- 
struction of  vehicles  and  roads,  and  in  the  rearing  of  animals. 
But  this  first  expenditure  of  energy  is  more  than  recouped  by 
the  subsequent  saving  effected  in  the  energy  expended  in  the 
doing  of  work.  The  true  reason  for  the  use  of  energy  other  than 
human,  is  that  other  kinds  of  energy  can  do  certain  kinds  of 
work  quite  as  well  as  human  energy,  and  that  other  kinds  of 
energy  in  the  doing  of  this  work  are  much  less  costly  than 
human  energy.  The  amount  of  work  done — using  work  in  the 
scientific  sense  of  "  foot  pounds" — in  raising  a  ton  one  hundred 
feet,  is  the  same  whether  it  be  done  by  men,  horses,  or  wind  or 
water-driven  machinery.  The  quantum  of  energy  expended  or 
absorbed  is  the  same  in  one  case  as  in  the  others  ;  but  the  cost  of 
the  energy  is  much  greater  for  men  than  for  horses,  and  much 
greater  for  horses  than  for  wind  or  water-driven  machinery. 

A  further  and  great  advance  in  obtaining  cheap  energy  was 
made  when  man  discovered  how  to  apply  the  energy  of  heat  de- 
veloped in  the  combustion  of  fuel,  to  the  doing  of  work.  This 
energy  of  fuel  is  precisely  analogous  to  the  energy  of  men  or 
horses,  and  is  derived  ultimately  from  the  same  source.  It  is 
also  much  less  costly  than  the  energy  of  men  or  animals,  and 
though  in  direct  comparison,  not  less  costly  than  the  enei'gy 
of  wind  or  falling  water,  yet  in  its  application  to  the  doing  of 
work  has  so  great  an  advantage  over  these  energies,  in  continuity 
and  portability,  that  ultimately  in  practice  it  is  found  to  be  less 
costly  than  either  in  the  vast  majority  of  cases.  Wind-driven 
machinery  is  subject  to  the  fitful  changes  of  the  wind,  and  to  the 
complete  loss  of  the  energy  when  the  wind  dies  away.  Water- 
driven  machinery  is  liable  to  similar  drawbacks  through  changes 
in  the  weather,  causing  the  water  to  be  frozen  in  cold  or  dried 
up  in  great  heat.  When  these  contingencies  arise  the  machinery 
stops,  production  of  commodities  is  suspended,  while  the  main 
tenance  of  the  men  and  animals  engaged  about  the  machine  must 
be  continued  during  the  enforced  idleness,  just  the  same  as  while 
work  is  going  on.  This  cost  of  maintenance  has,  therefore,  to 
be  borne  with  no  concomitant  production  to  support  it.  But  no 
such  drawbacks  exist  in  regard  to  the  use  of  energy  derived  from 
fuel.  So  long  as  we  have  fuel  we  have  our  store  of  enorgy,  and 
the  application  of  it  to  the  doing  of  work  can  go  on  whether  the 
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wind  blows  or  not;  alike  in  cold  or  in  hot  weather.  That  fuel 
energy  is  less  costly  than  the  energj'  of  men  or  animals,  when 
coal  can  be  obtained  without  extraordinaiy  difficulty,  the  follow- 
ing example  will  show : 

The  amount  of  effective  energy  that  can  be  obtained  from  30 
pounds  of  food  consumed  by  a  strong  work  horse  in  a  day,  is 
about  18,200,000  foot  pounds.  On  a  good  road,  with  a  wheeled 
vehicle,  this  energy  would  be  capable  of  transporting  a  ton 
weight  (including  the  weight  of  the  vehicle)  30  miles.*  But  on  a 
well  constructed  railway,  with  flat  gradients,  there  is  sufficient 
effective  energy  in  5  pounds  of  coal  to  transport  a  ton  weight  30 
miles.  Now  disregarding  the  energy  that  must  be  previously 
expended  in  either  case  for  the  construction  of  the  road  or  rail- 
way, we  can  at  once  see  that  in  order  to  procure  horse  food,  by 
the  ordinary  methods  of  farming  followed  in  a  settled  and  cul- 
tivated country,  there  must  be  a  much  greater  amount  of  energy 
expended  in  raising  30  pounds  of  such  food,  than  in  obtaining  5 
pounds  of  coal  where  the  coal  mines  are  at  all  reasonably  conve- 
nient or  accessible ;  in  other  words  that  the  horse  food  would 
cost  a  great  deal  more  than  the  coal.  Reducing  the  comparison 
to  a  common  money  basis,  such  as  would  hold  for  Ontario,  we 
would  find  that  the  horse  food  cost  30  cents,  while  the  coal  cost 
one  cent ;  that  the  source  whence  the  horse  energy  is  derived  cost 
thirty  times  more  than  the  source  of  the  railway  locomotive 
energy;  and  besides  this,  to  the  cost  of  the  horse  energy  must  be 
added  the  cost  of  a  man's  energy  expended  in  driving  and  tend- 
ing the  animal,  while  to  the  cost  of  the  fuel  energy  must  be 
added  only  a  very  small  fraction  of  a  man's  energy;  for  two  men 
together  could  quite  well  direct  and  control  the  energy  developed 
in  the  combustion  of  20  tons  of  coal.  Thus  a  day's  energy  of  a 
horse  is  only  equal  to  the  energy  derived  from  5  pounds  of  coal, 
in  a  locomotive  engine  running  on  a  good  line  of  railway ;  and 
the  work  which  occupies  a  horse  the  whole  day  in  the  doing  can 
be  done  by  5  pounds  of  coal  in  about  an  hour  and  a  half. 

Similar  reasoning  may  be  applied  to  make  the  comparison 
with  human  energy.  A  strong,  able-bodied,  well-nourished  man 
can  develope  in  a  day's  work  about  2,200,000  foot  pounds  of 
energy,  equal  to  one-sixth  of  the  energy  of  a  horse.     To  produce 

*  Taking  the  resistance  at  80  lbs.  per  ton,  would  almost  exactly  absorb  all  the  energy 
of  the  horse. 
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this  energy  the  combustion  of  from  3   to  4  pounds  of  food  is 
required.     The  cost  of  this,  reduced  to  similar  money  basis  to 
that  above  given,  is  30  cents  per  diem.     To  accomplish  the  same 
amount  of  work,  of  a  similar  kind  to  that  done  by  a  horse  (such 
as  hauling  a  vehicle  on  a  good  road),  six  men  would  have  to  be 
used  ;  and  the  cost  of  the  food  from  which  their  energy  is  derived 
would  be  $1.80,  as  compared  with  30  cents  for  the  horse  and  1 
cent  for  the  coal.      In  this  comparison  we  do  not  speak  of  the 
remuneration  that  must  be  paid  for  the  different  kinds  of  labour 
used,  which  is   something  very  different,  but  simply  of  the  cost 
of  the  matrix  from  which  the  energy  is   evolved.     In  any  easei 
whether  6  men,  1  horse  or  5  pounds  of  coal  be  used,  the  same] 
amount  of  "  work  "  is  done,  the  same  amount  of  foot  pounds  arc] 
effected,  the  same  quantum  of  solar  energy  is  turned  into  useful 
work.     But  when  this  energy  is  obtained  through  men  the  cost 
of  the  matrix  (measured  by  a  common  money  standard)  is  SI. 80 1 
through  a  horse  it  is  30  cents,  and  through  coal  it  is  1  cent! 
Therefore  if  work  can  be  done  by  coal  instead  of  by  men  or  horsesf. 
it  will  evidently  be  done  much  more  cheaply ;  and  if  man  cail 
devise  a  means  of  substituting  fuel  energy  for  human  or  animai 
energy  in  the  doing  of  work  and  making  of  commodities,  th 
cost  of  the  work  and  the  commodities  will  be  greatly  reduced 
Such  a  means  has,  of  course,  been  devised  by  the  steam  engine 
and  we  daily  see  work  performed  by  one  locomotive  in  a  tect 
part  of  the  time  that  would  formerly  have  been  required  by  hur 
dreds  of  horses  and  men,  and  at  an  amazingly  small  fraction  c 
the  former  cost. 

It  is  only  during  the  present  century  that  man  has  discovered 
and  been  able  to  apply,  the  stored  up  energy  of  heat  in  fuel  1|I 
the  performance  of  work — that  man  has  been  able  to  subsiitir 
this  energy  for  that  of  men  or  animals.     From  the  days  of  Jeh  I 
to  George  IVth  there  was  no  other  way  of  rapidly  moving  cj| 
land,  from  one  part  of  the  country  to  another,  except  by  the  a 
of  horses.     Xow  man  has  discovered  the  energy  of  fuel  and  hoj 
to  use  it,  and  consequently  the  cost  of  locomotion  is  wonderful! 
decreased  and  the  rapidity  of  it  as  wonderfully  increased, 
single  locomotive  on  a  line  of  railway  with  flat  gradients,  sud 
as  the  Canada  Southern  Railway,  can  easily  convey  500  tons 
freight,  which  with  the  weight  of  the  vehicles  would  amount  || 
1,000  tons,  a  distance  of  250  miles  in  12  hours.     The  consumpth 
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of  fuel  required  for  this  would  be  about  20  tons  of  coal.1  To  do 
the  same  work  with  horses,  at  least  300  pairs  would  be  required, 
with  300  drivers,  and  they  would  lie  engaged  about  the  work  for 
not  less  than  10  days.  The  weight  of  food  that  these  horses  and 
■ten  would  consume  in  this  time  would  be  about  97  tons.  We 
therefore  have  20  tons  of  coal  as — roughly  speaking — the  "ener- 
getic equivalent  "  of  97  tons  of  animal  and  human  food  ;  and  the 
coal  does  the  w«rk  in  a  twentieth  part  of  the  time  required  by 
the  men  and  horses.  The  locomotive  engine,  as  a  doer  of  work, 
has  also  this  great  advantage  over  men  or  horses,  that  it  expends 
energy  only  while  it  is  working  ;  when  it  stands  idle  we  let  the 
fires  go  out.  It  is  not  so  with  the  horse — he  must  be  fed  and  his 
energy  maintained  whether  he  works  or  stands  idle.  There  has 
to  go  on  continuously  an  expenditure  of  energy  in  order  that  his 
energy  may  be  available  at  the  time  that  we  desire  to  use  it. 

The  application  of  fuel  energy  to  the  doing  of  work  other  than 
locomotive  has  gone  forward,  during  the  present  century,  in  a 
.similar  manner,  and  has  produced  analogous  results.  Whenever 
it  has  been  possible  to  substitute  fuel  energy  fur  human  or  animal 
eneig}-  in  the  thousand  and  one  mechanical  operations  used  in 
turning  out  commodities,  that  substitution  has  been  made,  with 
the  result  of  enormouslj"  reducing  the  cost  of  production,  because 
the  energy  of  fuel  is  much  less  costly  than  the  energy  of  men  or 
animals. 

The  bent  of  inventive  genius,  as  applied  to  manufactures,  is 
always  towards  designing  and  perfecting  what  we  call  "  labour- 
saving  machinery."  The  true  significance  of  all  these  inven- 
tions— whether  the}'  be  sewing  machines  or  steam  hammers, 
printing  machines  or  sawmills,  reaping  machines  or  locomotives, 
racing  skitfs  or  triple  expansion  marine  engines — is  that  they 
aim  at  either  economising  the  energy  used  and  thus  getting 
more  work  out  of  it  than  formerly,  or  substituting  a  less  costly 
and  more  efficient  energy  for  that  formerly  used.  ZS"o  woman 
would  use  a  sewing  machine  if  she  found  that  with  the  same 
amount  of  exertion  expended  on  the  machine  she  could  do  less 
work  than  she  could  formerly  accomplish  by  hand.  The  loco- 
motive engine  never  would  have  displaced  horse  labour  if  the 
eost  of  doing  the  work  by  fuel  energy  had  been  greater  than  the 

1  This  is  arrived  at  from  the  figures  adduced  in  the  paper  before  allud?d  to,  "  On  the 
Energy  of  Fuel  in  Locomotives,"  Vol.  Ixxxiii  Proceedings  Institute  C.  E. 
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cost  of  doing  it  by  horses  and  men,  or  if  the  locomotive  had 
taken  a  longer  time  to  do  the  work  than  the  other  agents.  The 
progress  of  mechanical  invention  is  always,  and  rapidly,  in  the 
same  direction,  and  each  day  sees  the  evolution  of  some  new 
device  intended  to  economize  energ3r.  The  world  is  only  yet  on 
the  very  threshold"  of  discovery  in  the  use  of  heat  energy.  The 
steam  engine,  wonderful  though  it  be,  and  wonderful  though  the 
results  are  that  it  has  effected  in  cheapening  energy,  is  still  a 
most  wasteful  and  extravagant  machine.  When  man  has  learnt 
how  to  secure  much  of  the  heat  that  is  now  lost,  a  ton  of  coal 
may  be  able  to  do  twenty  times  as  much  work  as  now  performed, 
and  yet  have  a  large  margin  for  evaporation  and  radiation. 
Future  ages  will  see  vastly  more  than  at  present  of  the  coarse 
and  rough  labour  of  life  and  the  purely  mechanical  work  of 
manufacturing  done  by  cheap  fuel  energy,  with  the  result  that 
the  cost  of  producing  commodities  will  be  proportionately  reduced. 

The  whole  phenomena  of  production,  the  whole  phenomena  of 
the  formation  and  increase  of  wealth,  can  bo  rightly  understood 
and  interpreted  onl3r  through  a  proper  understanding  of  this  ap- 
plication of  energy.  Labour  is  the  cause  of  value;  by  labour  only 
are  commodities  produced.  The  value  of  the  labour  absorbed  in 
the  production  of  a  commodity  defines  and  limits  the  value  of 
that  commodity.  Therefore,  as  the  labour  absorbed  in  producing 
a  commodity  decreases  in  value  so  will  that  commodity  decrease 
in  value.  What  is  meant  hy  the  "  value  of  labour  ?"  We  mean 
the  amount  and  value,  as  measured  by  the  cost,  of  labour  absorbed 
in  producing  the  labour.  And  by  labour  is  to  be  understood,  not 
merely  the  labour  of  human  beings,  but  "  energy  "  in  its  widest 
sense,  that  is.  foot  pounds  of  work  done  by  whatever  agency  the 
work  may  be  effected.  Therefore,  if  the  production  of  a  commo- 
dity requires  the  absorption  of  a  certain  quantity  of  "  foot 
pounds"  of  work,  then  the  less  costly  the  energy  is  that  is  used 
to  effect  these  foot  pounds  the  less  costly  will  the  commodity  be. 
And  what  is  meant  by  "  less  costly  energy  "  is  that  less  energy 
has  been  absorbed  in  producing  this  energy  than  would  have  been 
absorbed  in  producing  energy  of  another  kind.  To  reduce  this 
somewhat  complicated  statement  to  a  concrete  example,  take  the 
following  : 

Suppose  there  is  a  certain  work  to  be  done  of  a  simple  kind, 
6uch  as  pumping  water,  that  might  be  performed  either  b}T  human, 
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animal  or  fuel  energy.     The  quantity  of  work  done,  the  number 
of  foot  pounds  raised,  the  amount  of  energy  expended  in  any  case 
i>  the  same.     Let  the  quantity  of  work  be  13,200  million  foot 
pounds,  which  would  about  represent  the  daily  exertion  needed  to 
pump  the  water  supply  for  a  town  of  200,000  inhabitants  *  to  a 
height  of  135  feet.     To  use  human  energy  for  the  performance  of 
this  work  6,000  men  would  be  required  t ;  animal  energy  would 
require  1,000  horses,  and  fuel  energy  would  require  the  com- 
bustion of  about  26,400  pounds  of  coal  J,  or  roughly  13  (Ameri- 
can) tons.     By  any  of  these  agencies  we  could  do  the  work.    Six 
thousand  men,  one  thousand  horses,  or  thirteen  tons  of  coal :  each 
of  them  is  the  'potential"  of  the  effective   energy  needed  to 
pump  the  water  to  the  desired  height.     But  see  how  different  is 
the  value  of  the  different  energies,  and  how  much  more  costly  the 
witter  would  be  if  pumped  by  the  human  energy  instead  of  by  the 
fuel.     Each  of  the  six  thousand  men  would  have  to  have  been 
maintained  and  well  nourished  from  birth  up  to  about  25  years  of 
age  in  order  to  be  capable  of  putting  forth  the  exertion  required  ; 
and  this  represents  a  very  large  amount  of  exertion  and  energy 
expended  both  by  himself  and  others  in  the  providing  of  food  and 
shelter  during  that  long  period.    Each  of  the  one  thousand  horses 
would  also  have  to  have  been  reared,  fed  and  tended  for  seven  or 
eight  years  from  birth  before  being  capable  of  performing  the 
duty  above  indicated,  aud  this  also  implies  a  large  expenditure  of 
energy  in  order  that  the  horse  labour  may  be  available  when  re- 
quired.    But  the  fuel   energy  is  obtained  merely  by  the  expedi- 
ture  of  the  energy  necessary  to  extract  the  coal  from  the  earth. 
The  energy  is  in  the  fuel,  implanted  in  it  by  the  sun's  rays  thou- 
sands of  years  ago,  and  waiting  to  be  liberated  by  the  process  of 
combustion.     It  does  not  require  to  be  built  up,  as  it  were,  by  a 
slow  and  careful  process,  as  in   the  case  of  men  and  horses,  but 
whenever  we  possess  the  fuel  we  have  a  concentrated  mass  of 
energy,  read}7  for  immediate  use,  or  that  can  be  stored  for  use  at 
any  future  period.   The  cost  of  this  source  of  energy  is  much  less 
than  the  cost  of  using  men  or  animals  as  our  source.     For  when 
we  employ  men  or  animals  we  have  not  only  to  give   as  the 
remuneration  of  their  labour  the  cost  of  the  matrix  whence  their 

*  12  million  (U.  S.)  gallons,  taking  60  gallons  per  head  as  the  requisite  quantity, 
t  Taking  the  effective  energy  of  each  man  at  2,200,0:0  fcot  pounds  per  diem. 
+  This  is  assuming  the  effective  energy  of  the  fuel  at  5  per  cent,  of  the  total  energy, 
the  total  energy  being  10  million  ft.  lbs.  per  pound  of  coal. 
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energy  is  derived  (i.e.,  their  food),  but  we  also  have  to  remunerate 
the  labour  involved  in  producing  the  man  or  the  horse  in  the 
proper  strength  and  condition  to  do  the  work  ;  we  have  to  take 
account  of  the  energy  previously  expended  in  a  series  of  years  to 
produce  the  energy  we  are  about  to  use.  But  when  we  get  our 
work  performed  by  the  energy  of  fuel  the  problem  is  different. 
We  are  not  required  to  remunerate  the  sun  for  the  work  he  did 
thousands  of  years  ago  in  storing  up  his  energy  in  the  fuel  for 
us ;  we  merely  have  to  consider  the  cost  and  remuneration  (based 
upon  the  cost)  of  the  machine  through  which  the  fuel  energy  is 
turned  into  work,  and  the  cost  of  the  coal.  The  energy  in  the 
fuel  we  obtained  with  the  coal,  and  it  costs  us  no  greater  expendi- 
ture of  energy  to  dig  coal  from  the  earth  than  to  dig  stone. 

We  may  make  a  rough  comparison  of  these  three  energies  by 
reducing  the  matrix  whence  each  energy  is  derived  to  the  com- 
mon measure  of  a  money  value.  For  the  men  and  horses  the 
matrix  is,  of  course,  their  food,  for  the  engine  it  is  the  fuel. 

The  daily  food  of  6,000  men  would  cost $1,800.00 

1,000  horses    "       "     300.00 

Thirteen  tons  of  coal  "      "     52.00 

But,  as  pointed  out  before,  the  cost  of  the  food  for  the  men  and 
horses  represents  only  a  fraction  of  what  would  be  the  cost  of  em- 
ploying these  agencies  to  supply  the  needed  energy.  The  wages 
of  the  men  would  (in  this  country  at  least)  be  quite  four  times 
the  cost  of  their  daily  food.  The  cost  of  the  horse  labour,  in- 
cluding the  wages  of  men  required  to  control  and  tend  the  horses 
would  be  not  less  than  3h  times  the  cost  of  the  horse  food.  But 
the  cost  of  the  human  labour  required  to  superintend  and  direct 
the  energ}T  of  the  fuel  in  the  engine  would  add  only  about  two- 
thirds  to  the  cost  of  the  coal.*  Therefore  we  may  expand  the 
comparison  of  the  cost  of  labour  for  doing  this  pumping  work  as 
follows : — 

By  men,  per  diem $7,200.00 

By  horses  "       "     1050.00 

By  coal      "       " 87.00 

This  is  for  labour  alone  in  each  case.  Nothing  is  said  of  the 
eost  of  the  machinery  that  would  in  any  event  bo  needed.  We 
can  see  at  a  glance  now  how  much  more  valuable  the  water 

*  "  A  Treatise  on  Water  Supply  Engineering,"  by  J.  T.  Fanning,  p.  575,  N.Y. ;  D.  Van- 
nostrand. 
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would  be  if  the  pumping  were  done  by  human  energy  instead  of 
fuel  energy.  Labour  is  the  cause  of  value,  but  human  labour  in 
.such  a  case  as  this  would  make  the  water  so  valuable  as  to  put  it 
beyond  the  reach  of  most  people.  It  is  only  when  wo  use  the 
cheap  labour  of  fuel  that  the  cost  of  this  commodity  can  be 
brought  low  enough  to  be  purchaseable  by  all,  even  the  poorest. 
If  water  were  pumped  for  a  city  by  human  labour  it  would  be  so 
expensive  a  luxury  that  none  could  afford  to  use  it.  Even  slave 
labour,  where  the  slaves  were  captured  in  war,  would  be  too 
costly.  It  is  only  since  man  has  discovered  the  cheap  labour  of 
fuel  that  it  has  been  possible  to  pump  water  to  supply  the  needs 
of  large  cities. 

This  view  of  labour  and  energy  has  been  dealt  with  for  the 
purpose  of  emphasizing  the  fact  that  labour,  in  the  science  of 
political  economy,  should  not  mean  human  labour  only,  but 
should  be  understood  as  the  application  of  energy  to  matter. 
Labour  is  the  basis  upon  which  all  transactions  connected  with 
the  accumulation  and  distribution  of  wealth  rest,  and  therefore 
the  problems  of  labour  are  those  which  should  first  be  solved. 
It  is  the  more  necessary  to  draw  attention  to  the  view  of  labour 
above  set  forth,  because  writers  on  political  economy  have 
almost  entirely  identified  labour  with  human  labour,  pure  and 
simple ;  have,  therefore,  considered  the  cost  of  labour  as  being 
almost  synonymous  with  the  rate  of  wages ;  and — recognizing 
labour  as  the  cause  of  value — have  reached  the  erroneous  con- 
clusion that  a  lowering  of  the  cost  of  production  of  commodities 
(and  therefore  a  cheapening  of  commodities)  can  be  brought 
about  only  by — or  is  dependent  chiefly  upon — a  lowering  of  the 
rate  of  wages.  That  this  conclusion  is  erroneous  the  plain  facts 
of  every  day  life  abundantly  tell  us.  Commodities  have  wonder- 
fully decreased  in  price  of  late  years,  and  yet  wages  have  risen  : 
the  explanation  being  that  commodities  are  now  to  a  great  ex- 
tent produced  by  a  quite  different,  and  much  cheaper,  kind  of 
labour  from  that  used  seventy-five  years  ago  ;  and  have  there- 
fore fallen  in  value  (and  in  price,  as  being  a  measure  of  value) 
in  accordance  with  the  proposition  that  "  The  value  of  the 
"labour  involved  in  the  production  of  a  commodity  is  a  factor  in 
"  defining  the  lower  limit  of  its  exchange  value." 

When  Adam  Smith  wrote  his  "Wealth  of  Nations"  (in  1776), 
the  power  of  applying  the  energy  of  fuel  to  the  doing  of  work 
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was  unknown.  The  steam  engine  had  not  been  born.  His 
attention  was  of  course  directed  to  human  labour,  but  he  has  a 
very  instructive  example  of  the  difference  of  the  cost  of  convey- 
ing goods  by  land  and  by  water,  drawn  somewhat  on  the  lines 
above  followed.  The  passage  contains  so  much  that  is  inter- 
esting, and  marks  so  clearly  the  change  that  has  taken  place  in 
the  premises  of  the  economic  problem,  that  it  is  here  transcribed  : 

"As  by  means  of  water  carriage,  a  more  extensive  market  is 
"open  to  every  sort  of  industry  than  what  land  carriage  alone 
"  can  afford  it,  so  it  is  upon  the  sea  coast,  and  along  the  banks 
"  of  navigable  rivers  that  industry  of  every  kind  naturally  begins 
"  to  sub  divide  and  improve  itself,  and  it  is  frequently  not  till 
"a  long  time  after  that,  those  improvements  extend  themselves 
"to  the  inland  parts  of  the  countiy.  A  broad  wheeled  waggonr 
"  attended  by  two  men,  and  drawn  by  eight  horses,  in  about  six 
"weeks'  time  carries  and  brings  back,  between  London  and  Edin- 
"  burgh,  near  four  ton  weight  of  goods.  In  about  the  same  time 
"a  ship,  navigated  by  six  or  eight  men,  and  sailing  between  the 
"ports  of  London  and  Leith,  frequently  carries  and  brings  back 
"  two  hundred  ton  weight  of  goods.  Six  or  eight  men,  therefore,. 
"  by  the  help  of  water  carriage,  can  convey  and  bring  back  the 
•'•  same  quantity  of  goods  between  London  and  Edinburgh  as  fifty 
"  broad-wheeled  waggons,  attended  by  a  hundred  men,  and  drawn 
"by  four  hundred  horses.  Upon  two  hundred  tons  of  goods, 
"  therefore,  carried  by  the  cheapest  land  carriage  from  London 
"to  Edinburgh,  there  must  be  charged  the  maintenance  of  a 
"hundred  men  for  three  weeks,  and  both  the  maintenance  and, 
"  what  is  nearly  equal  to  the  maintenance,  the  wear  and  tear  of 
"four  hundred  horses,  as  well  as  of  fifty  great  waggons.  Whereas 
"  upon  the  same  quantity  of  goods  carried  by  water,  there  is  to 
"  be  charged  only  the  maintenance  "©f  six  or  eight  men,  and  the 
"  wear  and  tear  of  a  ship  of  two  hundred  tons  burthen,  together 
•'  with  the  value  of  the  superior  risk,  or  the  difference  of  the 
"  insurance  between  land  and  water  carriage.  Were  there  no 
"  other  communication  between  those  two  places,  therefore,  but 
"  by  land  carriage,  as  no  goods  could  be  transported  from  the  one 
"  to  the  other,  except  such  whose  price  was  very  considerable  in 
"  proportion  to  their  weight,  they  could  carry  on  but  a  small 
"part  of  that  commerce  which  at  present  subsists  between  them,. 
"  and  consequently  could  give  but  a  small  part  of  that  encour- 
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"agement  which  they  at  present  mutually  afford  to  each  other's 
"industry.  There  could  be  little  or  no  commerce  of  any  kind 
'•  between  the  distant  parts  of  the  world.  What  goods  could 
"  bear  the  expense  of  land  carriage  between  London  and  Cal- 
cutta? Or  if  there  were  any  so  precious  as  to  be  able  to  sup- 
"  port  this  expense,  with  what  safety  could  they  be  transported 
"through  the  territories  of  so  many  barbarous  nations?  Those 
••  two  cities,  however,  at  present  carry  on  a  very  considerable 
"  commerce  with  each  other,  and  by  mutually  affording  a  market, 
"give  a  good  deal  of  encouragement  to  each  other's  industry." 

"  Since  such,  therefore,  are  the  advantages  of  water  carriage, 
"  it  is  natural  that  the  fir>t  improvements  of  art  and  industry 
"should  be  made  where  this  conveniency  opens  the  whole  world 
"for  a  market  to  the  produce  of  every  sort  of  labour,  and  that 
'the}'  should  always  be  much  later  in  extending  themselves  into 
"the  inland  parts  of  the  country.  The  inland  parts  of  the  coun- 
"try  can,  for  a  long  time,  have  no  other  market  for  the  greater 
"  part  of  their  goods,  but  the  country  which  lies  round  about 
"them,  and  separates  them  from  the  sea  coast,  and  the  great 

"  navigable  rivers In  our  North  American  Colo- 

"nies  the  plantations  have  constantly  followed  either  the  sea 
"  coast  or  the  banks  of  the  navigable  rivers,  and  have  scarce  any- 
"  where  extended  themselves  to  any  considerable  distance  from 
"both."1 

Thus  wrote  Adam  Smith,  and  the  deductions  that  he  drew  from 
the  facts  presented  to  him,  were  undoubtedly  sound.  At  that 
time  man  had  at  his  command  no  other  agency  for  the  convey- 
ance of  commodities  on  land  than  the  energy  of  men  or  animals ; 
no  other  agency  for  their  conveyance  by  sea  than  the  energy  of 
the  wind.  These  energies,  widely  unlike  though  they  seem,  we 
now  know  owe  their  being  ft>  the  same  parentage,  the  solar  rays. 
Since  Smith's  day  we  have  discovered  how  to  use  the  solar  energy 
through  the  combustion  of  fuel.  This  now  conveys  our  goods  for 
us  on  land  as  well  as  on  sea ;  and  does  it  so  cheaply,  that  the 
difference  in  cost  between  land  and  water  carriage  is  inconsider- 
able. The  results  flowing  from  this  it  is  almost  impossible  to 
enumerate.  Every  part  of  the  country,  no  matter  how  far  inland 
or  remote  from   a  navigable   river,    is   now  accessible  to  every 

1  Wealth  of  Nations."     Chapter  III.     Book  1. 
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market  in  the  world.  Populous  towns  that  in  former  times  of 
necessity  grew  only  on  the  sea  coast,  or  on  the  banks  of  large 
rivers,  so  that  by  water  carriage  their  wants  might  be  supplied, 
are  now  to  be  found  far  inland,  distant  from  any  waterway,  and 
yet  unconscious  of  any  disability  as  the  result  of  this  position  ; 
as  instance,  the  large  inland  cities  of  the  United  States.  Without 
fuel  labour  and  the  locomotive,  it  would  have  been  impossible  to 
have  peopled  the  North  American  Continent  as  we  see  it  to-day. 
The  conveyance  of  commodities  enormous  distances,  and  in  vast 
quantities  on  land,  is  now  scarcely  more  costly  than  formerly  it 
was  b}~  water,  and  every  day  the  cost  is  being  decreased.  If  an 
all  rail  route  were  constructed  from  London  to  Calcutta,  as 
doubtless  will  be  done  some  day,  goods  of  many  kinds  would  be 
brought  by  it  to  England,  and  the  cost  of  bringing  them  would 
be  no  bar  to  their  use.  Since  Smith's  day,  all  the  conditions  of 
the  economic  problem  have  been  utterly  changed  ;  what  appeared 
to  him  ridiculously  impossible,  is  now  a  matter  of  every  day 
occurrence ;  and  all  this  has  been  brought  about  by  the  introduc- 
tion of  cheap  labour ;  not  such  labour  as  he  thought  of  and  wrote 
about,  but  labour  in  the  wide  sense  of  the  application  of  energy 
to  matter. 

But,  though  it  was  not  to  be  expected  that  Adam  Smith  should 
be  able  to  forsee  the  effect  of  the  introduction  of  a  power  that 
was  unknown  in  his  day  and  generation,  it  is  surprising  to  find 
that  so  great  and  so  recent  an  author  as  John  Stuart  Mill,  should 
have  dealt  with  the  question  of  labour  as  being  confined  solely 
and  entirely  to  human  labour.  His  whole  theory  of  production 
is  built  upon  this  view  of  labour,  with  the  result  that  his  con- 
clusions are  erroneous.  The  writer  is  well  aware,  that  in  confut- 
ing the  doctrines  of  a  man  so  eminent  as  Mr.  Mill,  he  is  doing 
that  which  will  lay  him  open  to  the  charge  of  rashness,  but  the 
work  is  undertaken  simply  from  a  desire  to  set  forth  the  truth 
on  a  subject  that  is  extremely  difficult  and  complicated. 

That  Mr.  Mill  confines  himself  to  the  restricted  view  of  labour 
as  stated  above,  a  few  extracts  from  his  work  will  abundantly 
show.  The  quotations  are  from  "  Principles  of  Political 
"  Economy,"  book  i.,  chapter  x.,  "  Of  the  Law  of  the  increase  of 
"  Labour."     The  steps  of  his  argument  are  as  follows  : — 

"  Production  is  not  a  fixed,  but  an  increasing  thing.         *         * 
*         Nothing  in  Political  Economy  can  be  of  more  import- 
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"  ance  than  to  ascertain  the  law  of  this  increase  of  production ; 
"  the  conditions  to  which  it  is  subject;  whether  it  has  practically 
"  any  limits,  and  what  these  are.  *  *  * 

"  We  have  seen  that  the  essential  requisites  of  production  arc 
"three, — labour,  capital,  and  natural  agents;  the  term  capital, 
"  including  all  external  and  physical  requisites  which  are  pro- 
"  ducts  of  labour,  the  term  natural  agents  all  those  which  are 
"  not.         *         *  *  We  may  say  then,  without  a  greater 

"  stretch  of  language  than  under  the  necessary  explanations  is 
"  permissible,  that  the  requisites  of  production  are  labour,  capital, 
"  and  land.  The  increase  of  production,  therefore,  depends  on 
"  the  properties  of  these  elements.  It  is  a  result  of  the  increase, 
"  either  of  the  elements  themselves  or  of  their  productiveness. 
"  The  law  of  the  increase  of  production  must  he  a  consequence  of 
"  the  laws  of  these  elements  ;  the  limits  of  the  increase  of  pro- 
"  duction  must  be  the  limits,  whatever  they  are,  set  by  those  laws. 
"  We  proceed  to  consider  the  three  elements  successively,  with 
"  reference  to  this  effect;  or  in  other  words,  the  law  of  the 
"  increase  of  production,  viewed  in  respect  of  its  dependence, 
"  first  on  labour,  secondly  on  capital,  and  lastly  on  land." 

"  The  increase  of  labour  is  the  increase  of  mankind  ;  of  popula- 
"  tion." 

Mr.  Mill  then  proceeds  to  discuss  all  thevai'ious  circumstances 
and  conditions  governing  the  increase  of  population  ;  the  ques- 
tions of  natural  fecundity,  of  marriage,  of  the  circumstances  that 
encourage  or  check  marriage  ;  of  the  circumstances  that  conduce 
to  the  production,  rearing  and  maintenance  of  large  or  small 
families,  etc.  In  view  of  what  we  have  been  considering,  this 
view  of  labour  is  utterly  fallacious,  and  when  extended  logically 
— as  it  is  by  Mr.  Mill — to  the  question  of  wages,  cost  of  produc- 
tion, etc.,  inevitably  leads  to  false  conclusions.  The  increase  of 
labour  is  not  the  increase  of  mankind.  It  is  the  increase  of  the 
application  of  the  energy  of  motion  to  matter,  but  that  energy 
of  motion  is  not  necessarily  the  energy  of  human  beings  By 
the  discovery  of  how  to  convert  the  energy  of  heat  into  work  a 
large  addition  has  been  made  to  the  amount  of  labour  done  in 
the  world,  without  any  increase  in  the  amount  of  human  labour 
performed, — nay  rather,  with  a  concomitant  decrease  of  human 
labour.  A  simple  invention  that  secured  some  of  the  heat  that 
at  present,  with  our  imperfect  engines,  escapes  and  is  lost,  and 
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converted  this  heat  into  work,  would  be  an  increase  of  labour ; 
and  this  without  any  increase  of  human  workers,  or  even  of  the 
quantity  of  fuel  consumed.  This  is  a  matter  of  such  every  day 
occurrence,  that  people  are  prone  to  miss  the  true  significance  of 
the  large,  broad  facts  that  lie  constantly  before  them.  The  work 
of  conveying  goods  from  place  to  place  on  land  is  now  carried  on 
to  an  extent  never  before  seen  in  the  world  ;  the  labour  expended 
in  this  is  far  greater  than  ever  before :  but  this  labour  is  mainly 
fuel  energy,  not  human  energy.  The  engine  driver,  conductor 
-and  brakemen  on  a  freight  train,  are  there  merely  for  the  pur- 
pose of  controlling  and  managing  the  energy  of  the  fuel ;  the 
actual  work — the  labour  of  moving  the  train — is  done  b}^  this 
energy  and  not  by  the  men  who  control  it,  just  as  the  foreman 
of  a  gang  of  labourers  merely  controls  and  directs  the  energy  of 
the  labourers ;  the  work  is  done  by  them,  not  by  the  foreman. 
Adam  Smith,  with  the  data  at  his  command  would  pronounce  it 
impossible  that  the  common  necessaries  of  life  could  be  trans- 
ported hundreds  of  miles  overland  to  supply  the  wants  of  a  large 
town  population  ;  the  cost  of  the  labour  involved  in  the  transac- 
tion ;  the  expense  of  the  hundreds  of  men  and  horses  needed  for 
the  work  ;  would  be  so  great  that  the  town  population  could  not 
afford  to  purchase  the  necessaries  of  life,  in  other  words  they 
could  not  exist ;  and  therefore  large  towns  could  only  grow  near 
the  sea  coast  or  on  the  banks  of — or  close  to — navigable  rivers. 
But  by  dispensing  with  this  costly  human  and  animal  labour,  by 
substituting  for  it  a  much  cheaper  and  far  more  efficient  kind  of 
labour,  the  work  that  was  in  Adam  Smith's  time  utterly  impos- 
sible, is  now  done  every  day  all  over  the  world,  and  is  so  common 
place  a  matter  that  it  scarcely  attracts  any  attention.  Cheap 
labour  is  essential  to  cheap  production,  and  cheap  production  is 
a  pre-requisite  to  the  general  dissemination  among  mankind  of 
those  comforts,  conveniences  and  luxuries  of  human  life  that  are 
essential  to  the  improvement  of  the  race.  But  cheap  labour  is 
not  synonymous  with  low  wages,  as  economists  have  taught ; 
nor  is  it  synonymous  with  greater  productiveness  on  the  part  of 
the  toiling  millions.  Low  wages  produce  comfort  and  luxury 
for  one  portion  of  humanity  at  the  expense  of  the  other,  and  that 
other  by  far  the  larger  portion.  The  workers  on  low  wages,  by 
reason  of  their  small  remuneration,  could  not  enjoy  the  fruits  of 
their  labour.     Low  wages  in  the  long  distant  past  produced  the 
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magnificence  and  luxury  of  Egypt,  Greece  and  Home  ;  Lut  whal 
is  of  fostering,  degraded,  enslaved,  and  crushed  humanity 
underlay  that  gorgeous  exterior!  The  cheap  labour  that  will 
make  the  world  better  and  happier — that  will  elevate  humanity 
— consists  in  substituting  a  totally  different  kind  of  energy  from 
human  energy  for  the  doing  of  all  the  coarse  and  slavish  kind  of 
work  in  the  world  ;  it  means  making  coal  work,  instead  of  coolies. 
Electricity  and  the  steam  engine  will  effect  the  emancipation  of 
labour. 

To  say,  as  Mr.  Mill  does,  "  that  the  increase  of  labour  is  the 
increase  of  mankind,"  is  to  ignore  the  progress  that  the  world 
has  made  in  scientific  knowledge,  and  in  the  practical  application 
of  that  knowledge,  during  the  present  century.  To  argue  that 
increase  of  production,  resulting  from  increase  of  labour,  can  be 
brought  about  only  by  an  increase  of  human  labourers,  or  an  in- 
crease in  their  efficiency,  is  to  lose  sight  of  what  men  of  science 
have  been  doing  during  the  past  50  years.  Labour  has  increased 
and  production  has  increased,  not  by  adding  to  the  laborers,  but 
by  dispensing  with  the  labourers  ;  not  by  rendering  their  labour 
more  efficient,  but  by  using  a  different  source  whence  to  derive  the 
energy  their  bodies  formerly  supplied.  To  attempt  at  the  pre- 
sent day  to  furnish  all  the  labour  required  to  carry  on  the 
■world's  daily  life,  from  the  energy  of  men  and  animals  would 
result  in  the  complete  break  down  of  the  social  machine.  Every 
large  town  would  in  a  short  time  be  reduced  to  starvation.  The 
share  of  the  world's  labour  that  is  now  borne  by  fuel  energy  is 
almost  beyond  our  power  to  measure  ;  but  if  any  catastrophe 
were  suddenly  to  deprive  us  of  this  power,  and  we  were  to  be 
reduced  to  the  energy  of  men  and  animals  to  carry  on  our  work, 
we  would  then  realize  how  labour  has  been  silently  and  steadily 
increasing  during  past  years  independently  of  human  labourers. 
To  continue  all  the  land-carrying  trade  of  the  world  with  men 
and  horses  only,  to  do  all  our  factory  work,  spinning,  weaving, 
sawing,  turning,  iron  working,  etc.,  with  only  the  energy  of  man, 
would  be  an  utter  impossibility.  Already  the  world  is  absolutely 
dependent  upon  the  energy  of  fuel  to  do  its  work,  and  to  ignore 
this  energy  and  this  labour  in  any  treatise  upon  Political  Eco- 
nomy is  certain  to  land  us  in  false  conclusions. 

Labour,  in  the  world  of  work  and  trade,  now  means  to  a  very 
large  extent  applying  the  energy  of  fuel  to  matter ;    human 
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labour  is  being  gradually  and  steadily  relegated  to  the  higher 
work  of  guiding  and  controlling  fuel  energy.  As  Naemyth,  the 
inventor  of  the  steam  hammer  pointed  out,  "  What  every  mech- 
"  anical  workman  has  to  do,  and  what  every  boy  can  do,  is  not 
"  to  work  himself,  but  to  superintend  the  beautiful  labour  of  the 
•'  machine."  l  Every  year  sees  a  larger  amount  of  the  labour  of 
the  world  performed  by  fuel  energy:  a  larger  amount  of  this 
energy  substituted  for  human  energy.  In  the  future,  to  an  ex- 
tent now  unforeseen  by  us,  the  work  of  the  world  will  be  done 
by  fuel  energy,  or  at  least  by  energy  other  than  human  ;  human 
energy  will  be  almost  solely  employed  in  merely  directing  and 
controlling  the  inanimate  energy  of  fuel  or  electricity.  The 
cheap  labour  resulting  from  this  wide  ajiplication  of  energy,  will 
not  only  largely  decrease  the  cost  of  production  of  commodities, 
but  will  also  largely  increase  the  quantity  produced.  Com- 
modities will  therefore  be  more  widely  disseminated  among 
mankind ;  in  other  words  a  far  larger  portion  of  the  human  race 
will  enjoy  the  comforts  and  luxuries  of  life  then  at  present  enjoy 
them.  What  are  luxuries  now — far  beyond  the  reach  of  the 
poorer  classes — will  then  be  necessaries  at  the  service  of  all.  The 
work  of  the  human  toilers  will  be  in  a  far  greater  degree  than  at 
present,  merely  directive,  controlling  and  managing  the  inanimate 
energy  that  labours.  Humanity  will  be  lifted  to  a  higher  plane, 
removed  from  the  brute-like  toil  that  has  constituted  the  daily  life 
of  millions  in  past  ages. 

The  distinct  tendency  of  modern  times,  since  the  introduction 
of  fuel  energy,  is  towards  a  rise  of  wages  and  a  fall  in  the  price 
of  commodities.  Production  in  these  days  is  a  very  inexact  index 
of  the  quantity  of  human  labour  employed  in  an}-  trade.  It  is 
first  necessary  to  know  what  sort  of  energy  is  used  in  turning 
out  the  commodities.  Increase  of  prodtiction  is  now  most  fre- 
quently accompanied  by  a  mrge  reduction  of  human  labour 
employed.  More  "  foot  pounds  "  of  work  are  of  course  done  in 
turning  out  the  greater  pi*oduction,  but  these  foot  pounds  are 
obtained  from  coal,  and  not  from  labourers.  What  is  necessary 
to  low  cost  of  production  is  cheap  labour:  we  have  obtained 
cheap  labour  in  fuel  energy — not  in  low  Avages.  The  cheap  fuel 
labour  of  these  modern  days  is  coincident  with  higher  wages 


1  Xasmyth's  evidence  before  the  Trades-Union  Commission,  quoted  by  Karl  Mars 
"Capital  "  Vol.  II:  Chap.  XV., p.  263. 
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and  greater  comfort  among  the  labouring  classes  than  has  ever 
before  been  seen  in  the  world. 

Mr.  David  A.  Wells,  in  his  book  entitled  "  Recent  Economic 
Changes  "  '  — a  book  that  is  full  of  most  interesting  reading  to 
engineers— has  collected  a  great  many  facts  proving  the  truth  of 
the  foregoing  statements.  Even  within  the  last  fifteen  or  twenty- 
years,  to  go  no  further  back,  great  changes  have  been  effected 
in  the  substitution  of  fuel  energy  for  human  energy.  During 
so  brief  and  so  recent  a  period  as  this,  fuel  energy  has  (in  the 
United  States)  displaced  human  energy  to  the  extent  of  forty-five 
per  cent  in  the  making  of  agricultural  implements  ;  fifty  per  cent 
in  the  making  of  shoes  ;  about  forty-five  per  cent  in  the  making  of 
carriages,  and  thirty  per  cent  in  the  making  of  machines  and 
machinery.  In  the  cotton  mills  of  Rhode  Island,  in  1886  as 
compared  with  1840,  eighty  per  cent  of  human  energy  has  been 
displaced  by  fuel  energy,  calculating  from  the  production, 2  while 
wages  have  increased  sixty  per  cent.  Perhaps  the  most  striking 
example  of  the  change  that  has  taken  place,  and  is  still  taking 
place,  is  to  be  found  in  the  manufacture  of  pins.  Adam  Smith, 
in  the  "Wealth  of  Nations,"  3  writing  in  1776,  shows  that  then, 
as  the  result  of  the  division  of  labour,  ten  men  could  in  a  day 
turn  out  48,000  pins ;  and  Smith  points  to  this  as  a  wonderful 
result  from  a  very  simple  cause ;  as  no  doubt  it  is.  Mr.  Wells 
prints  this  passage  from  the  "  Wealth  of  Nations  "  in  a  parallel 
column  with  an  extract  from  a  report  to  the  United  States 
Government,  made  in  1888,  on  Technical  Education;4  which 
report  shows  that  now,  in  a  factory  where  seventy  pin  making 
machines  were  at  work,  tended  by  only  five  men  in  all,  7,500,000 
■ins  are  turned  out  per  diem.  To  do  this  amount  of  work  in 
Smith's  day  the  labour  of  one  hundred  and  fifty-six  men  would 
have  been  required ;  now  only  five,  and  these  five  merely  for  the 
purpose  of  guiding  and  controlling  the  fuel  energy.  In  this  in- 
stance practically  the  whole  labour  has  been  displaced  by  fuel 
labour.  We  may  assume  that  the  same  amount  of  "  work  "  is 
done,  of  "  foot  pounds  "  absorbed,  in  making  7,500,000  pins  to-day 
as  in  Smith's  day;  but  there  is  this  difference,  that  now  we  ob- 

1  New  York  :  D.  Appleton  &  Co.,  1890. 

2.    "  Recent  TEconomic  Changes,"  p.  28,  nots.    The  abive  calculations  have  been 
made  from  data  furnished  in  Mr.  Wells'  note. 

3  Ibid :  p.  50.    "  Wealth  of  Nations."    Boo'.c  I.    Chapter  I. 

4  Recent  Economic  Changes,"  p.  59.    The  report  is  by  U.  S.  Consul  Schoenhoff. 
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tain  our  foot  pounds  from  the  energy  of  heat  evolved  in  the  com- 
bustion of  fuel,  whereas  in  Smith's  time  it  was  obtained  from  the 
food  comsumed  by  one  hundred  and  fifty-six  men.  Numerous 
other  instances,  all  shewing  the  same  tendency  to  substitute  fuel 
energy  for  human  energy  in  the  doing  of  work,  could  be  fur- 
nished ;  and  the  reason  for  this  substitution,  and  the  effect  of  it, 
is  always  the  same,  viz.,  to  reduce  [the  cost  of  production  of 
commodities. 

Perhaps  it  may  be  objected  that  such  displacement  of  human 
labour  by  fuel  labour  is  not  beneficial  to  the  human  race  ;   that 
the  workers  thus   thrown   out   of  employment  are  necessarily 
placed  in  hard  straits.     But  this  objection,  though  at  first  sight 
reasonable,  is  not  valid.     Though  the  workers  are  displaced  in 
particular  handicrafts  and  occupations,  yet  the  great  increase  of 
production  caused  by  the  employment  of  fuel  labour  in   such 
trades,    causes  a  vast  development  of  employment  for   human 
labour  in  related  occupations  and  trades.     The  introduction  of 
fuel   labour   has  been  of  great  benefit  to  the  human  race,  as  is 
shown  by  the  unparalleled  increase  of  population  that  has  taken 
place  during  the  present  century  since  the  introduction  of  fuel 
labour.     Population  will  increase  just  as  fast  as,  and  no  faster 
than,  the  means  of  subsistence  increase.     Now  the  effect  of  the 
introduction  of  fuel  labour  has  been  largely  to  reduce  the  price 
of  commodities,    and   to   increase  wages;  in   other   words,   the 
means   of  subsistence  have  been   brought  within  the  reach  of  a 
much  larger  number  of*  people  than  formerly,  and  have  been  sup 
plied  more  amply  and  fully.  Therefore,  population  should  increase 
That  it  has  increased  wonderfully,  statistics  amply  prove.  In  th( 
300  years  from  1300   to  1600,   the   population   of  England   anc 
Wales  did  not  double  (2,500,000  to  4,812,000)  ;  in  the  200  yean 
from  1600  to  1800,  it  did  not  double  (4,812,000  to  9,335,000) 
but  between    1801   and   1891,  it  has  increased  over  three  time 
(9,335,000  to  29,001,000),  besides  the  very  large  numbers  tha 
have  been  thrown  off  by  emigration.     The  nineteenth  centur 
has  been  much  more  favourable  to  the  expansion  of  the  huma: 
race  than  any  preceding  century,   because  the  introduction  c 
fuel  labour  has  rendered  the  means  of  subsistence  so  much  mor 
easily  attained. 

To  the  Engineer — the  Civil  or  Mechanical  Engineer — the  vie1 
of  labour  set  forth  in  the  preceding  pages  can  hardly  fail  to  be  ( 
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interest.  Our  work  consists  mainly  of  devising  means  for  substi- 
tuting other  energy  for  human,  in  the  doing  of  all  kinds  of  work, 
and  in  preparing  ways  for  the  more  complete  attainment  of  this. 
All  kinds  ofsteam-driven,  hydraulic  or  electrical  machinery,  have 
this  object  in  view;  so  too,  has  the  construction  of  all  railways, 
canals,  electrical  railways,  cable  car  systems,  etc.  The  root  idea 
is  always  to  economise  energy,  to  substitute  a  less  cosily  for  a 
more  costly  energy,  to  make  the  energy  we  are  at  present  using 
do  more  work  if  possible  than  it  formerly  did.  The  effect  of  this 
is  to  reduce  the  cost  of  producing  those  commodities  that  are 
necessary  for  the  sustaining  and  developing  of  human  life,  and  to 
supply  those  commodities  in  greater  profusion.  Our  work  has 
been  so  thoroughly  done, — triple  expansion  marine  engines  have 
so  reduced  the  cost  of  conveying  commodities,  and  cheap  energy 
the  cost  of  producing  them — that  politicians  have  felt  themselves 
called  upon  to  interfere,  and  by  taxation  to  nullify  the  results 
that  our  labours  would  otherwise  produce.  "  Protection,"  as  it 
is  called,  counteracts  what  science  achieves.  But  the  discussion 
of  this  would  lead  to  matters  foreign  to  a  society  of  engineers  ; 
and,  therefore,  having  reached  this  point,  this  already  lengthy 
paper  may  fittingly  be  brought  to  a  conclusion. 


DISCUSSION. 

Mr.  w.  j.  ]yfr    "\y.  jt  Sproule  said  it  is  an  agreeable  task  to  discuss  M: 

Cuningham's  paper,  dealing  as  it  does  with   the  relation  ths 
human  exertions  and  the  other  forces   of  nature   bear   to  on 
another  in  supplying  the  requirements  of  humanity  and  mini; 
tering  to  its  highest  advancement.     There  is  no  doubt  that  this 
a  subject  intimately  related  to  the  higher  phase  of  the  professio 
of  Civil  Engineering.     Besides  drawing  our  attention  to  man 
important  scientific  truths,  this  very  interesting  paper  gives 
striking  examples  of  the  great  achievment  of  man  in  transfers 
ing  the  latent  forces  of  nature  into  active  powers.     The  auth< 
deserves  our  thanks  for  undertaking  a  subject  so  complicated,  ar 
for  devoting  to  it  the  labour  that  is  indicated  by  its  careful  ar 
comprehensive  treatment,  and  deserves  also  our  admiration  f< 
attacking  the  doctrines  and  conclusions  of  such  a  comprehensb 
and  incisive  investigator  as  John  Stuart  Mill.     The  weight 
high  authorities  have,  at  least,  sometimes  in  the  past  sustain* 
for  a  period,  mistaken  theories,  as  for  instance  the  corpuscul 
theory  of  light,   subscribed  to  by  the  great  Newton,  for  a  tin 
bore  down  the  Wane  theory  which  is  now  accepted  in  preferen 
by  the  scientific  world.     To  question  established  authorities  sho^ 
a  worthy  self-reliance  and  originality  that  are  likely  to  be  ber 
ficial,  either  in  pointing  out  errors  or  in  establishing  more  firr 
the  doctrine  that  is  attacked,  should  the  questioner  be  unat 
to  support  his  contention. 

But  in  the  present  instance,  the  speaker  fails  to  see  that  t 
author  of  this  paper  has  shown  Mr.  Mill's  conclusions  to  be  er: 
neous.  To  do  this  it  would  be  necessary  to  critically  examin< 
large  portion,  if  not  all,  of  Book  I  of  "  Principles  of  Politi< 
Economy,"  which  treats  of  Production.  To  deal  with  a  sh<j| 
extract  from  Book  I,  chap,  x,  without  carefully  considerii 
what  Mr.  Mill  elsewhere  defines  as  meant  by  labour,  capital  al 
natural  agents,  is  misleading.  Mr.  Mill's  definition  of  "  labouW 
or  rather  the  explanation  of  what  is  included  by  the  term  label 
as  he  uses  it,  must  be  gathered  from  several  chapters,  but  pi 
ticularly  from  chapters  i  and  ii  of  Book  I  of  the  "  Principles! 
Political  Economy."  These  of  course  are  too  long  to  quote,  ij| 
a  careful  perusal  of  them  will  show  that  the  application  of 
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word  is  very  comprehensive,  although  it  is  not  given  any  new 
moaning  or  arbitrary  definition.  It  is  used  as  including  every 
physical  or  mental  action  that  a  human  being  is  capable  of.  in  so 
far  as  they  relate  to  production.  In  these  chapters  which  critical- 
ly and  at  great  length  investigate  the  relation  that  human  exer- 
tions or  influences,  be  the}'  physical  or  mental,  bear  to  produc- 
tion, it  will  be  found  that  there  is  the  fullest  appreciation  of  the 
work  done  by  the  energy  that  is  found  stored  in  inanimate 
nature,  such  as  the  energy  derived  from  the  combustion  of  coal, 
or  the  work  done  by  the  proper  combination  and  direction  of 
other  forces  in  nature. 

A  few  extracts  may  be  permitted  simply  as  examples  of  how 
Mr.  Mill  estimates  the  several  factors  in  production.  Book  I, 
chapter  i,  "Principles  of  Political  Economy,"  sections  1  and  2: — 
"  In  this  case,  natural  agents,  the  winds  or  the  gravitation  of  the 
water  are  made  to  do  a  portion  of  the  work  previously  done  by 
labour.  Cases  like  this,  in  which  a  certain  amount  of  labour  has 
been  dispensed  with,  its  work  being  devolved  upon  some  natural 
agent,  are  apt  to  suggest  an  erroneous  notion  of  the  comparative 
functions  of  labour  and  natural  powers  ;  as  if  the  co-operation  of 
these  powers  with  human  industry  were  limited  to  the  cases  in 
which  they  are  made  to  perform  what  would  otherwise  be  done 
by  labour.  .  .  .  This  is  an  illusion.  .  .  .  If  we  examine 
any  other  case  of  what  is  called  the  action  of  man  upon  nature, 
we  shall  find  in  like  manner  that  the  powers  of  nature  or  in  other 
words  the  properties  of  matter,  do  all  the  work,  when  once 
objects  are  put  into  the  right  position.  Thi:>  one  operation  of 
putting  things  into  fit  places  for  being  acted  upon  by  their  own 
internal  forces,  and  by  those  residing  in  other  natural  objects,  is 
all  that  man  does  or  can  do  with  matter.  .  .  .  He  has  no 
other  means  of  acting  upon  matter  than  by  moving  it.  Motion 
and  resistance  to  motion  are  the  only  things  that  his  muscles  are 
constructed  for.  .  .  .  But  this  is  enough  to  have  given 
all  the  command  which  man  has  acquired  over  natural  forces, 
immeasurably  more  powerful  than  themselves,  a  command  which, 
)  great  as  it  is  already,  is  without  doubt  destined  to  become  indefi- 
i  nitely  greater.  He  exerts  this  power  either  by  availing  himself 
of  natural  forces  in  existence,  or  by  arranging  objects  in  those 
mixtures  and  combinations  by  which  natural  forces  are  gener- 
ated, as  when  by  putting  a  lighted  match  to  fuel,  and  water  into 
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a  boiler  over  it,  he  generates  the  expansive  form  of  steam,  a 
power  which  has  been  so  largely  available  for  the  attainment  of 
human  purposes." 

"  Labour  then  in  the  physical  world  is  always  and  solely 
employed  in  putting  objects  in  motion,  the  properties  of  matter, 
the  laws  of  nature  do  the  rest.  .  .  .  But  the  muscular  action 
necessary  for  this  is  not  constantly  renewed,  but  performed  once 
for  all,  and  there  is  on  the  whole  a  great  economy  of  labour." 

Mr.  Mill  defines  the  other  two  requisits  of  production,  capital 
and  labour  thus  : — "  The  term  capital  including  all  external  and 
physical  requisites  which  are  products  of  labour,  the  term  natu- 
ral agents  those  which  are  not." 

It  will  now  be  seen  that  Mr.  Mill's  doctrine  of  production  may 
be  briefly  stated  as  follows: — The  requisites  of  production  are 
labour,  capital  and  natural  agents.  Labour  means  human  labour 
in  every  form,  and  it  may  increase  by  the  increase  of  human 
means.  Capital,  which  is  the  product  of  labour  only,  and  hence 
can  increase  only  through  labour.  Natural  agents  meaning  phy- 
sical requisites  that  are  not  the  product  of  labour,  and  these  do 
not  increase  in  the  sense  in  which  we  are  considering  increase  | 
for  example,  coal  does  not  increase ;  the  sun's  rays  do  not  in 
crease,  and  so  of  the  other  natural  agents,  they  are  constant. 

A  new  invention  may  economize  labour  and  by  its  action  or 
natural  agents  may  greatly  increase  production,  but  it  is  non< 
the  less  labour  as  an  invention.  When  once  invented  it  in  itsel 
becomes  capital — a  product  of  labour — and  remains  constan 
until  improved  by  human  labour.  Suppose  the  invention  to  b« 
the  steam  engine.  It  aids  production  by  being  substituted  fo 
human  labour  and  freeing  that  labour  to  be  turned  to  other  use 
ful  purposes,  and  by  making  achievements  possible  that  befor 
were  not,  but  itself  is  nevertheless  the  product  of  human  brai 
and  hands,  and  must  be  guided  by  the  same.  And  as  soon  as  th 
first  engine  is  working,  its  aid  to  production  is  constant  or  is  a 
its  limit:  an  increase  is  effected  by  making  a  second  engin 
which  must  be  made  with  human  hands  and  so  on,  indefinitely 
each  increment  or  advance  in  the  means  of  production  is  the  r 
suit  of  human  labour. 

The  speaker,  therefore,  holds  that  Mr.  Mill  is  correct  in  sayic 
that  the  increase  of  labour  is  the  increase  of  mankind,  and  r 
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spectfully   submits  that  Mr.  Cuningham  is  mistaken  when  he 
says  the  increase  of  labour  is  not  the  increase  of  mankind. 

Mr.  Koswell  Fisher  said  it  would  appear  that  Mr.  Cuningham  mf.  Rosweil 
in  his  paper  on  "Energy  and  Labour,"  supposes  that  by  extend-  1S  er* 
ing  the  definition  of  labour  to  the  liberation  or  utilization  of  the 
energy  of  natural  objects  some  new  understanding  of  economics 
is  gained.  The  speaker  hardly  sees,  however  that  he  has  made 
this  out  or  has  helped  us  to  a  clearer  understanding  of  economic 
phenomena.  The  economists  have  defined  labour  to  be  human 
energy  consciously  directed  to  economize  production.  Human 
energy  expended  in  games  and  other  non-productive  directions 
is  hardly  labour.  This  is  a  simple  and  easily  intelligible  defini- 
tion, and  the  speaker  fails  to  see  that  anything  is  gained  by  ex- 
tending it  to  include  the  natural  objects  to  which  labour  must 
always  be  applied  to  sum  their  energy  into  economic  production. 
It  ii  surely  simpler  and  clearer  to  talk  of  labour  burning  coal  for 
the  production  of  steam  than  to  assert  that  steam  is  the  result  of 
coal  labour  applied  in  a  certain  way.  By  whom  applied  ?  Al- 
ways by  human  labour. 

Therefore  it  still  remains  true  according  to  the  simple  defini- 
tion of  the  economists  that  production  calls  for  two  powers 
labour,  that  is  human  energy  applied  to  natural  objects,  that  is 
utilizing  the  energy  latent  or  active  in  nature.  Thus  a  call  for 
labour  is  a  call  for  men.  or  at  least  for  the  exertion  of  human 
energy.  But,  as  Mr.  Cuningham  has  so  well  shown,  the  more 
human  energy  can  utilize  in  the  production  of  wealth  the  latent 
or  active  energies  of  nature,  the  greater  is  the  wealth  produced 
by  a  given  number  of  men.  The  speaker  does  not  say  the  greater 
the  product  of  the  expenditure  of  a  given  amount  of  human 
energy  or  of  labour,  because  the  labour  of  a  Stephenson  in  invent- 
ing the  locomotive,  measured  by  its  results  is  equal  to  the  labour 
of  millions  of  men  merely  using  their  muscles,  and  consequently 
it  may  in  a  sense  be  quite  true  to  say  that  a  given  product  always 
calls  for  an  equal  expenditure  of  labour,  and  consequently  a  call 
for  more  product  always  means  a  call  for  more  labour,  but  whe- 
ther the  call  for  more  labour  means  a  call  for  more  men  or  greater 
population,  depends  upon  whether  this  added  labour  is  purely 
muscular  or  chiefly,  or  altogether  intellectual  energy  applied  to 
natural  objects  in  such  a  manner  as  to  produce  the  greater  result 
demanded. 
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The  greater  proportionate  output  per  man  to-day  in  compari- 
son with  bygone  times  is  then  due  altogether  to  the  advance  in 
intellectual  labour  applied  to  economic  production,  and  the  more 
man  can  substitute  this  intellectual  labour  for  mere  muscular 
labour  the  greater  will  be  the  output  per  head,  and  the  greater 
the  wealth  of  the  society  so  advancing.  All  this  is  practically 
apprehended  by  those  employed  in  the  production  of  wealth,  but 
how  this  greater  and  increasing  output  per  head  is  to  be  more 
equitably,  or  perhaps  it  may  be  more  correct  to  say,  more 
evenly  distributed  among  those  who  aid  in  the  output  is  the 
coming  question,  upon  which,  however,  the  paper  under  discus- 
sion calls  for  no  answer. 
Mr.  H.Irwin.  Mr.  H.  Irwin  said  Mr.  Cuningham  deserves  the  thanks  of  the 
Society  for  the  time  and  trouble  he  has  devoted  to  the  investiga- 
tion of  the  subject  of  his  papei*. 

The  speaker  had  hoped,  however,  that  instead  of  dealing  with 
the  cost  of  work  performed  respectively  by  men,  by  horses,  and 
with  the  aid  of  coal,  Mr.  Cuningham  would  have  given  us  some 
comparison  of  the  cost  of  work  done  through  the  agency  of  steam, 
compressed  air  and  electricity ;  since  every  one  now  knows  well 
enough  the  respective  cost  of  labour  of  men  and  horses  as  com- 
pared with  that  performed  with  the  aid  of  steam. 

As  the  paper  before  us  does  not  deal  with  the  comparative 
merits  of  wire  rope,  compressed  air,  water  or  electricity,  the 
speaker  thinks  that  it  may  add  to  the  practical  side  of  the  ques- 
tion to  quote  some  figures  from  Mr.  Gilbert  Knapp's  recent  work 
on  the  electric  transmission  of  energy.  Mr.  Knapp  finds  the  com- 
mercial efficiency  of  the  four  agencies  last  mentioned  to  compare 


as  shown  in  the 

following  table : — 

Distance  of 

transmission. 

Electric 

Hydraulic. 

Pneumatic. 

Wire  Rope. 

100  meters 

78 

50 

55 

96 

500 

77 

50 

55 

93 

1,000 

75 

50 

55 

90 

5,000 

68 

40 

50 

60 

10,000 

58 

35 

50 

36 

20,000 

38 

20 

40 

13 

Thus  for  over  a  distance  of  5,000  meters,  electric  transmission 
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is  the  cheapest,  but  under  5,000  meters  wire  rope  is  the  most 
economical  means  of  transmitting  energy. 

Mr.  Knapp  concludes  that  for  all  powers  it  pays  to  transmit 
cheap  water  power  by  wire  rope  for  distances  of  less  than  a  mile, 
and  by  electricity  for  distances  of  over  a  mile. 

Also  that  it  pays  to  transmit  cheap  steam  power  if  the  energy 
at  the  receiving  station  be  not  over  ten  horse  power,  and  that 
under  these  latter  conditions  wire  rope  should  be  used  for  dis- 
tances from  one  mile  to  three  miles. 

Beyond  the  power  and  distances  stated  he  finds  that  it  is 
cheaper  to  use  local  steam  or  gas  engines.  The  saving  that  can 
be  effected  by  using  natural  agencies  in  the  proper  way  is  well 
shown  by  the  fact  that  it  takes  312  cubic  feet  of  gas  to  give  1,000 
candles  per  hour  when  the  gas  is  used  with  an  ordinary  burner, 
while  22  cubic  feet  of  gas,  used  in  a  gas  engine,  will  run  a  1,000 
candle  arc  light  for  an  hour.  The  interest  on  the  cost  of  the  gas 
engine  and  the  dynamo  would  of  course  make  the  comparison 
less  favorable  to  electricity. 

Since  the  figures  above  refer  to  transmission  of  energy  from 
one  place  to  another  by  direct  communication  it  may  be  also  of 
interest  to  give  the  results  of  the  working  of  the  Birmingham 
Central  Tramways  Co.  for  last  year. 

This  company  uses  steam,  electric  storage  batteries,  horses 
and  cables  as  means  of  propelling  its  cars,  and  the  comparison  of 
the  respective  cost  and  profits,  under  the  various  systems,  is  all 
the  more  to  be  depended  on  since  it  is  made  on  cars  owned  by 
one  company  and  run  in  one  town,  under  somewhat  similar  cir- 
cumstances.    The  costs  and  profits  are  given  in  the  table  below  : 

BIRMINGHAM   CENTRAL    TRAMWAYS    CO.'S   OPERATIONS   FOR 
YEAR    1890. 


Motive  Power. 


Steam 

Storage  Batteries. 
Horses 

Cable  (6  miles).. . 


Average  cost  in  cents 
per  mile  run. 

Xet  profit 
per  cent. 

22 

9| 

19* 

101 

191 

n 

12 

121 

The  remarks  made  as  to   the  present  high  cost  of  building 
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operations  for  want  of  capital  invested  in  plant  are  only  appli- 
cable to  the  case  of  houses,  stores,  factories  and  similar  buildings. 
There  is,  however,  a  considerable  decrease  in  the  cost  of  build- 
ing such  structures  as  piers  of  bridges,  also  in  the  time  necessary 
to  construct  them.  This  decrease  is  largely  due  to  the  invest- 
ment of  capital  by  contractors  in  better  plant  and  appliances,  but 
a  fair  share  of  the  decrease  must  be  given  to  greater  experience 
and  better  methods  of  executing  work,  and  to  the  decided  ad- 
vance in  the  scientific  knowledge  of  engineers. 


Thursday,  19th  November. 

E.  P.  Hannaford,  Vice-President,  in  the  Chair. 

The  following   candidates    having    been    balloted    for,   were 
declared  elected  as : — 

Members. 
John  T.  Nicolson.  "William  George  Pinder. 

Associate  Members. 

John'  Benjamin  Bright.  Edward  Chas.  Steele. 

Chas.  Anthony  Stoess. 

Associates. 
William  Gibson.  Joseph  Walter  McFarland. 

Students. 

William  Bruce  Almon.  Guy  Stanhope  Kinnear. 

William  Francis  Campbell.  George  Gildersleeve  Rosa 

Henry*  Augustus  Jones.  John  William  Martin  Wallace. 

Louis  Whitman. 

The  following  were  transferred  from  the  class  of  Students  to 
that  of  Associate  Members  : — 

Frederick  Allison  Bowman,  Robert  Todd  Locke. 

Robert  Edward  Palmer. 

The  discussion  on  Mr.   Cnningham's  paper  on   "  Energy  and 
Labour  "  occupied  the  evening. 


Thursday,  3rd  December. 

JOHN  KENNEDY,  Vice  President,  in  the  Chair. 

Paper  No,  57. 

SOME  OBSERVATIONS  ON  THE  EXPANSION  AND 

CONTRACTION  OF  ICE  ON 

CANADIAN  WATERS. 

By  John  H.  Dumble. 

The  movement  of  field  ice  on  Canadian  waters,  by  expansion 
and  contraction,  from  change  of  temperature,  is  a  matter  of 
interest  to  the  Civil  Engineer,  and  one  that  he  cannot  safely  dis- 
regard, when  called  upon  to  erect  structures  within  its  influence. 

As  Resident  Engineer  of  the  Cobourg  and  Peterborough  Rail- 
way in  1857,  the  author  had  a  very  painful  experience  of  the  force 
of  ice  on  the  Railway  Bridge  across  Rice  Lake.  He  subsequently 
experimented  and  practically  tested  the  susceptibility  to  change  of 
temperature,  by  expansion  and  contraction,  of  a  floating  piece  of 
ice,  on  a  pond  near  Cobourg,  the  result  of  which  he  will  hereafter 
mention.  The  better  way  to  illustrate  the  power  of  ice  in  motion 
will  be  to  briefly  describe  the  Rice  Lake  Railway  Bridge. 

The  lake  is  a  sheet  of  water  over  twenty  miles  in  length  and 
of  an  average  width  of  two  miles  and  one-half.  The  bridge 
crossed  it  at  its  widest  part,  and  was  nearly  three  miles  in  length. 
The  depth  of  the  water  to  the  clay  bottom  (except  in  the  chan- 
nel) was  less  than  twenty  feet.  A  small  island  was  crossed  by 
the  bridge  within  three-quarters  of  a  mile  of  the  south  shore. 
The  bridge,  with  the  exception  of  half  a  mile  of  truss  in  the 
centre,  was  built  on  oak  piles,  bents  were  fourteen  feet  apart, 
with  very  heavy  caps  and  stringers.  The  truss-bridge  was  very 
strong,  with  eighty  feet  spans  resting  on  stout  timber  piers  filled 
with  stone.  The  whole  structure  was  of  the  strongest  and  most 
substantial  character  of  its  kind,  and  yet  this  bridge  was 
wrecked  in  a  few  minutes,  in  the  earl}'  part  of  December, 
by  an  ice  shove,  and.  when  the  ice  was  comparatively 
thin.     The  pile  work   south  of  the  island   was   inclined    like 
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a  pack  of  cards  to  nearly  an  angle  of  forty-five  degrees. 
An  engine  was  caught  on  the  bridge  during  the  shove,  much 
to  the  alarm  and  consternation  of  the  driver.  Subsequent 
shoves  from  all  directions  seriously  affected  the  bridge,  and 
twisted  it  into  many  curves  and  kinks,  and,  it  was  only  saved 
from  complete  destruction  by  isolating  it  from  the  main  field  by 
cut-channels  cut  in  the  ice  and  constantly  kept  open  on  each  side 
of  the  bridge  for  its  entire  length.  The  piers  under  the  truss- 
bridge,  including  the  larger  ones  under  the  swing,  were  toppled 
over,  and  he  had  to  protect  them  by  building  larger  piers  around 
them,  with  a  covering  of  timber  at  an  incline  on  each  side,  like 
the  roof  of  a  cottage,  against  which  the  ice  fractured  and  spent 
itself. 

The  railway  was  subsequently  abandoned,  owing  to  the  neglect 
and  destruction  of  the  bridge,  and  a  million  of  dollars  spent  in 
its  construction  was  lost,  not  to  speak  of  the  disappointment  to 
the  town  of  Cobourg  and  vicinity.  So  much  for  ignorance  of  one 
of  the  forces  of  nature. 

And  now  as  to  the  ice  itself.  The  formation  of  ice,  as  is  well 
known,  takes  place  at  a  certain  fixed  temperature  (32°  Fah.), 
and  which  remains  constant  during  the  process  of  solidification. 
A  higher  temperature  causes  ice  to  melt.  Ice  must,  therefore, 
at  formation,  be  at  its  greatest  or  maximum  dimensions,  and 
cover  its  largest  area.  The  first  movement  of  ice,  after  forma- 
tion must  necessarily  be  shrinkage  or  contraction.  There  is, 
however,  a  peculiarity  about  the  contraction  of  ice  which  per- 
plexed the  author  very  much  for  some  time,  as  he  could  not 
see  any  tangible  evidence  of  its  contraction. 

The  ice  field  does  not  draw  away  from  the  shore  during 
shrinkage,  as  might  be  expected,  and  leave  open  water  to  the 
extent  of  its  contraction. 

The  expansion  of  a  large  field  of  ice  is  manifested  by  its  en- 
croachment on  the  shores  of  the  lake.  It  fractures  at  the  ripple 
mark  and  shoves  on  to  the  shore,  and  when  the  line  of  fracture 
occurs  at  a  distance  from  the  shore,  it  is  evidenced  by  the  appear- 
ance of  a  vertical  ridge  formed  by  the  fractured  ice.  Such  being 
the  case  it  would  naturally  be  expected  that  the  ice  field,  during 
contraction,  would  recede  from  the  fracture,  whether  on  shore, 
or  at  a  distance  from  it,  or  that  fissures  and  cracks  would  be 
easily  observed  somewhere  in  the  ice  field  of  widths  somewhat 
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commensurate  to  previous  shoves.  Such  evidence  of  the  con- 
traction of  ice  does  rarely  if  ever  exist.  That  contraction  causes 
fissures  however,  is  true,  but  so  exceedingly  small  that  they 
easily  escape  detection.  It  was  sometime  before  he  discovered 
this.  As  he  crossed  the  lake  one  morning,  after  a  cold  snap,  a  very 
slight  covering  of  snow  lay  on  the  ice,  and  showing  innumerable 
cracks  running  in  every  direction,  filled  with  water,  and  of 
widths  from  one-eighth  of  an  inch  to  an  inch  in  width.  He  counted 
over  one  hundred  in  the  distance  of  a  mile.  The  aggregate  width 
of  these  fissures  would  fully  equal  the  width  of  the  greatest  shove. 
This  manner  of  contraction  is,  he  thinks,  readily  accounted  for.  If 
the  ice  field  were  equally  thick,  dense  and  bare,  which  it  is  not, 
it  would  contract  uniformly  towards  its  centre  or  centres,  and 
draw  away  from  the  shore  by  the  extent  of  its  contraction. 

But  ice  forms  in  waters  with  currents,  islands,  headlands,  and 
perhaps  during  snow  storms.  It  is  not,  therefore,  equally  thick 
and  pure  and  dense,  and  has  mauy  centres,  and  in  shrinking  to 
them  pulls  and  opens  fissures  in  all  directions.  These  fissures 
fill  with  water  and  freeze,  the  ice  field  occupying  its  original  area, 
but  in  a  state  of  contraction.  When  a  change  to  higher  tempera- 
ture occurs  or  the  sun  shines,  expansion  takes  place  and  from  a 
centre  towards  its  circumference,  the  ice  is  shoved  towards  the 
shore  to  an  extent  equal  to  the  width  of  the  fissures. 

These  shoves  sometimes  exceed  four  or  five  feet  in  width,  and 
occur  on  the  shores,  in  the  channels,  or  from  headland  to  head- 
land, it  being  easier  to  fracture  on  the  chord  than  the  arc  of  the 
bay,  and  will  always  fracture  on  the  line  of  least  resistance. 

It  will  be  thus  seen  that  the  capacity  of  ice  to  expand  and 
shove,  and  shove  again,  is  only  limited  by  its  capacity  to  contract 
and  recuperate.  The  repeated  shoves  have  lodged  ice  on  top  of 
a  high  embankment  over  30  feet  in  width  and  has  lifted  large 
boulders  and  pressed  them  against  the  abutments  of  the  bridge. 
Avery  slight  covering  of  snow  acting  as  a  non-conductor,  prevents 
all  movement  of  the  ice  from  change  of  temperature,  hence  all 
damage  from  shoves  occurs  early  in  the  season  before  the  snow 
falls.  The  effects  which  the  author  has  endeavoured  to  describe 
occur  on  all  Canadian  waters  in  cold  climates,  but  to  some 
extent  are  governed  by  the  size  of  the  field  ice. 

Being  much  interested  in  the  movements  of  ice  from  his  ex- 
perience at  Bice  Lake,  he  endeavoured  one  winter  after  his  con- 
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neetion  with  the  Cobourg  Eailway  had  ceased,  to  practically  test 
by  experiment  the  nature  of  ice  movement.  He  regrets  that  he 
had  not  the  time  or  the  skill  to  follow  up  and  solve  the  question 
more  satisfactorily.  The  result  of  the  experiment,  however,  is 
interesting  and  somewhat  instructive.  He  built  a  rough  shed  on 
the  ice  of  a  mill  pond  in  Cobourg,  and  cut  out  the  ice  110  feet  long 
by  10  feet  in  width  and  allowed  new  ice  to  form.  When  it  became 
an  inch  and  a  half  thick  he  isolated  a  strip  of  ice  103  x  7  and  kept  it 
floating  with  an  open  channel  eighteen  inches  in  width  all  around 
it.  He  then  inserted  a  small  block  of  pine  within  18  inches  of 
each  end  which  became  frozen  in  and  firmly  embedded.  To  one 
of  these  blocks  I  attached  and  nailed  the  end  of  a  seasoned  pine 
rod  three  inches  in  width  and  100  feet  in  length,  and  one  and  a 
quarter  inch  thick  and  firmly  connected  at  the  joints.  To  the 
other  block  was  firmly  attached  a  circular  target  with  a  scale, 
through  which  the  graduated  end  of  a  rod  moved  freely.  It  was 
an  American  engineers'  levelling  rod  and  read  accurately  to  the 
1,000  part  of  a  foot.  Small  rollers  underneath  caused  it  to  move 
freely. 

The  floating  piece  of  ice  was  kept  isolated  from  the  main  field 
day  and  night  with  great  care  and  precaution  taken  to  ensure  ac- 
curacy of  result.  He  may  add  that  he  visited  the  rod  and  registered 
it  every  few  hours,  day  and  night,  during  part  of  January  and 
the  whole  of  February,  (he  was  young  and  enthusiastic  then,)  and 
the  annexed  tables  show  the  hour,  day,  temperature,  and  the  read- 
ing of  the  rod  as  taken  and  entered  at  the  time.  The  accompany- 
ing diagram  shows  the  movement  of  ice  corresponding  to  the 
readings  in  the  tables.  The  datum  is  the  time,  the  upper  profile 
or  section  shows  the  lineal  contraction  and  expansion  of  a  piece 
of  ice  100  feet  in  length  as  read  on  the  rod  (to  which  should  be 
added  the  expansion  and  contraction  of  the  rod  itself  to  give  the 
actual  movement).  The  section  beneath  represents  the  atmos- 
pheric changes  as  indicated  by  the  thermometer  (Fah.) 

The  lower  line  exhibits  the  thickness  of  ice  on  the  different 
days  and  times  during  the  experiment.  It  will  be  observed  on 
referring  to  the  ice  section  that  it  exhibited  no  movement  until 
it  attained  a  thickness  of  three  inches,  notwithstanding  various 
changes  in  temperature. 

From  that  time,  however,  until  it  became  five  inches  thick,  it 
appeared  most  sensitive  and  responded  quickly  to  every  change 
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of  temperature,  but  its  extent  of  expansion  and  contraction  was 
much  less  than  when  it  attained  a  greater  thickness.  Over  five 
inches  in  thickness  the  ice  was  ever  uniform  and  regular  in  its 
movement,  and  shows  a  contraction  and  expansion  of  .026  for 
100-foot  rod,  over  32  degrees  or  from  zero  to  32°.  He  presumes 
his  reading  of  the  thermometer  at  34°  should  have  been  32°,  as  it 
hung  a  little  above  the  ice  instead  of  being  in  it.  This  movement 
would  indicate  some  sixteen  inches  to  the  mile  for  that  range  of 
temperature,  irrespective  of  the  expansion  of  the  rod.  It  will 
be  observed  from  the  tables  that  the  contraction  of  the  ice  at 
zero  on  the  1st  February  was  only  .011  from  formation  at  32°. 
The  same  influence  (the  underlying  water)  which  prevents 
movement  up  to  three  inches  in  thickness  doubtless,  continued 
to  a  certain  extent  as  the  ice  had  barely  attained  a  thickness  of 
five  inches  on  the  1st  February.  The  ice  expanded  to  its  original 
dimensions  at  32°  on  the  8th  and  9th  February,  and  from  that 
time  forward  was  very  uniform  in  movement,  notwithstanding 
that  it  was  subject  to  a  high  and  wasting  temperature  at  times, 
and  even  to  the  rays  of  a  mid-day  sun  at  45°  which  he  allowed  to 
act  upon  it  for  several  hours. 

It  has  been  observed  on  Eice  Lake  that  thick  ice  did  not 
move  with  the  same  alacrity  as  thin  ice.  It  is  well  understood  that 
the  most  violent  shoves  occur  when  the  ice  is  between  five  and 
twelve  inches  in  thickness.  The  author's  experiment  confirmed 
this,  and  it  appeared  that  the  rapidity  of  ice  movement  is  inversely 
as  its  thickness.  This  lagging  behind  of  ice  and  not  responding 
readily  to  rapid  changes  of  temperature  is  well  shown  on  the 
diagram  of  observations  —  55,  62,  65,  13,  84,  92,  96,  100,  120  and 
158.  The  temperature  during  his  experiment  did  not  fall  below 
minus  4°,  but  uniformity  of  movement  throughout  was  ever 
observed. 

From  these  brief  observations  and  somewhat  crude  experiment 
may  we  not  summarize  as  follows : — 

That  ice,  like  all  other  bodies,  is  subject  to  expand  and  contract 
by  change  of  temperature. 

That  ice  forming  at  a  temperature  of  32°  is  at  its  greatest  or 
maximum  dimensions. 

Its.  first  movement  must,  therefore,  be  contraction.  That  the 
underlying  water  prevents  movement  in  ice  under  three  inches 
in  thickness  from  change  of  temperature. 
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That  up  to  five  inches  in  thickness  the  ice  is  affected  from  the 
same  cause,  and,  although  its  movement  is  uniform,  its  capacity 
to  contract  is  reduced  from  what  it  afterwards  attains. 

The  rapidity  of  ice  movement  is  inversely  as  its  thickness. 

The  capacity  of  ice  to  expand  and  shove  towards  the  shores  and 
to  repeat  the  operation  is  due  to  the  peculiar  manner  in  which 
it  contracts. 

A  slight  covering  of  snow  (as  non-conductor)  prevents  all  ice 
movement. 

That  the  ice  field  expands  from  a  centre  or  centres  and  frac- 
tures on  the  line  of  least  resistance. 

That  the  piers  of  Kailway  Bridges  or  other  structures  crossing 
extensive  waters,  if  not  constructed  in  a  massive  manner,  will 
need  protection  from  the  ice  field,  which  is  most  effectually  done 
by  isolation  and  cut  side  channels,  otherwise  an  inclined  surface 
must  be  presented  to  the  ice,  on  which  it  may  run  up,  fracture, 
and  spend  its  force  and  shield  the  piers. 

Contraction  and  Expansion  op  Ice. 
Table  of  Observations  (on  100  feet  of  Ice),  Jan.  and  Feb.,  1860. 
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9 
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N. 
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11 

10 

16 

8 
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12 
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13 
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X. 
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N. 
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11 

— 
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16 

11 

— 
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N.  E. 
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19 
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11 

— 
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E. 
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20 
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+ 
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+ 
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12 

+ 
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21 
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12 

+ 
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21 

2   p.m. 
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+ 
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+ 
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E. 
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22 
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32 

12 

+ 
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E. 
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24 

12    " 

30 

12 

+ 
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E. 
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25 

12    " 

24 

12 

— 
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E. 
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25 

5 

24 

12 

— 
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E. 
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25 

10 

17 

12 
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E. 
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26 
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12 

12 

—  • 
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N.  E. 
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26 

9.30  " 

22 

12 

—  • 

006 

N.  E. 
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26 

5   p.m. 

30 

12 

+  • 

007 
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27 

8   a.m. 

34 

12 

+  • 

012 

N.E. 
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27 

12 

45 

12 

+  •012 

S.  W.f  exposed  ice 

to  sun. 

163 

28 

12 

34 

12 

+  •012 

S.  W. 

DISCUSSION. 

Mr.  E.  P.  Hannaford  said — Mr.  Bumble  has  given  the  Society  M^E.fR 
much  interesting  and  valuable  information.  Although  Canadians 
experience  the  effects  of  ice,  yet  there  is  much  to  be  learned  in 
overcoming  its  power  on  engineering  works.  As  an  instance  of 
this  it  occurs  to  the  speaker  in  connection  with  this  paper  to 
examine  the  effects  of  ice  upon  a  structure  recently  built  in 
Canada,  viz:  the  Bay  of  Quinte  Bridge  at  Belleville,  Ontario,  Mr. 
C.  H.  Keefer,  M.  Can.  Soc.  C.  E.,  Engineer. 

This  bridge  was  built  for  ordinary  highway  traffic  to  connect 
the  city  of  Belleville  with  Prince  Edward  county,  and  spans  the 
bay  where  it  narrows  to  about  one-half  mile  in  width.  It  was 
opened  for  traffic  in  the  spring  of  189] .     Cost  about  $120,000.00. 

The  Bay  of  Quinte  at  the  site  of  the  bridge  has  a  straight 
reach  westward  to  Trenton  of  twelve  miles  and  eastward  to 
Deseronto  of  about  eighteen  miles,  the  average  breadth  of  the 
Bay  being  from  one  and  one-half  to  two  miles. 

The  waterway  of  the  bridge  between  abutments  is  about  1,900 
feet.  There  are  17  piers  making  18  spans  with  a  swing  bridge 
near  the  south  end.  The  superstructure  is  a  through  truss  of 
steel,  the  floor  being  about  12  feet  above  the  water.  The  depth 
of  water  is  given  as  20  feet  from  the  north  abutment  to  pier  14, 
from  thence  to  the  south  abutment  it  increases  to  32  feet. 

Piers  1  to  14  inclusive  are  on  pile  foundations,  the  remaining  3 
piers  being  on  crib  foundations  with  stone  filling. 

Piers  1  to  14  consist  of  a  cluster  of  piles  (30  to  each  pier). 
These  are  cut  off  at  2  to  3  feet  below  water  and  capped  with  tim- 
ber, upon  which  is  constructed  rockfaced  ashlar  masonry,  without 
ice  breakers.  The  ends  of  the  piers  heing  round  and  almost 
vertical.  The  piles  are  encased  with  a  margin  of  timber,  forming  a 
box,  which  is  filled  with  stone  and  rests  upon  the  bottom  of  the 
Bay.  The  three  piers  on  the  south  side  have  similar  masonry  to 
jthe  other  piers  but  are  built  upon  the  crib  work  which  forms  the 
foundation  of  each  pier. 

This  describes  the  Bridge  which  the  ice  after  forming  in  the 
early  winter  of  1890  affected  by  moving  its  piers. 
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The  Board  of  Bridge  Directors  asked  Mr.  Walter  Shanly,  C.E., 
M.Can.Soc.C.E.  to  confer  with  the  Engineer  of  the  Bridge  "  as  to 
"the  best  means  of  remedying  the  defects  and  of  preventing  such 
"  occurrences  in  the  future." 

Mr.  Shanly's  report,  as  published,  is  full  of  interest  to  En- 
gineers, and  in  conjunction  with  Mr.  Dumblo's  paper  on  ice  is 
most  instructive  to  the  profession. 

Mr.  Shanly,  in  his  report  of  January  2nd  1891,  says  he  found, 
at  the  time  of  his  examination,  the  piers  fully  finished,  the  steel 
superstructure  in  course  of  erection  and  more  or  less  in  place 
over  the  fourteen  openings,  and  that  each  pier  was  loaded  to 
nearly  its  full  proportion  of  ultimate  dead  weight,  but  adds  "  all 
"  the  piers  were  discovered  immediately  the  ice  had  parted  to  be 
"out  of  line  to  an  extent  varying  so  far  as  instrumentally  ascer- 
tained between  11  and  15  inches  each  pier." 

It  appears  that  those  piers,  three  in  number  (also  the  abut- 
ment) that  had  stone  crib  foundations  carried  to  the  rock  or  to 
solid  bottom  were  not  so  materially  affected  by  ice,  but  that  the 
piled  piers  were  those  thrust  mostly  out  of  line. 

The  report  says  "there  has  been  no  '  shifting'  of  the  piers  of 
"  the  Bridge,  but  only  a  '  drag '  due  to  the  contracting  or  expand- 
"  ing  of  the  vast  ice  plane,"  causing  the  pile  structure  to  bend, 
but  not  to  move  at  its  base. 

Mr.  Shanly  adds:  "Its  elasticity  saved  it  from  permanent 
"displacement  and  injury.  This  is  proved  by  the  readiness 
"with  which  such  of  the  piers  as  have  so  far  been  released  by 
"  cutting  the  ice  from  around  them  at  once  began  to  return  to 
"  their  normal  line,  and  by  the  comparative  ease  with  which,  when 
"  subjected  to  the  pull  of  the  screw  jack,  they  were  brought  fully 
"  back  to  it." 

The  speaker,  however,  desires  to  say  that  when  ho  visited  the 
Bridge  in  April,  1891,  the  piers  and  superstructure  were  out  of 
line  sufficiently  to  attract  attention,  and  that  at  this  date  it  pre- 
sents a  most  uneven  appearance.  Mr.  Shanly  says,  "  Piers  of 
solid  masonry  under  similar  strain  "  to  that  which  caused  the 
"  elastic  pile  structure  to  spring  would  have  been  dislocated  some- 
"  where  below  the  water  line  rendering  repairs  and  restoration 
"  to  line  almost  impossible." 

And  then  as  to  the  remedy,  Mr.  Shanly  says,  "Assuming  the; 
"  work  to  have  been  thoroughly  well  done  throughout,  and  there 
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u  seems  to  be  no  reason  as  already  said  to  doubt  that  it  has  been 
"  so  done,  there  are  no  defects  to  prescribe  for." 

"The  recent  disturbance  of  the  piers  has  naturally  alarmed  the 
"  Company,  and  we  are  asked  to  say  "how  such  occurrences  are 
"to  be  prevented  in  the  future," — I  think  I  have  stated  my 
"  opinion  in  sufficiently  decided  terms  that  the  structure  is  not 
"  of  a  kind  fitted  to  cope  with  the  ice.  I  will  add  that  I  do  not 
"  think  it  should  be  of  such  a  sort — a  Bridge  capable  of  setting 
"  the  ice  at  defiance  would  be  a  commercial  impossibility  on  the 
"Bay  of  Quinte  or  in  any  waters  similarly  conditioned." 

"  What  must  be  done,  the  only  sure  and  certain  thing  that  can 
"  be  done,  is  to  forestall  the  cracking  of  the  ice  by  cutting  it  and 
"  keeping  it  cut  right  through  the  winter,  lengthwise  of  the  bridge 
"  from  shore  to  shore,  two  cuts  one  above,  the  other  below  the 
"line  of  piers,  each  tD  take  the  form  of  a  trench  or  ditch,  some 
"  three  feet  in  width." 

!STow,  Mr.  Dumble  shows  that  ice  is  at  its  greatest  dimensions 
when  it  forms.  Hence  the  damage  to  the  piers  was  during  or 
immediately  after  formation.  The  cracking  of  the  ice  was  caused 
b}*  its  contraction.  Hence  at  such  a  time  the  piers  would  be  in 
course  of  being  released  from  ice  pressure. 

Leaving  the  Bay  of  Quinte  Bridge  for  the  present,  it  will  be 
interesting  to  consider  the  behaviour  of  some  other  bridges  under 
ice  pressure.  The  Victoria  Bridge  at  Montreal  having  been  com- 
pleted 32  years  without  experiencing  failure,  may  be  accepted  as 
being  fully  capable  of  withstanding  ice  shoves.  But  it  may 
be  said  we  cannot  afford  such  enormous  masses  of  masonry  in 
ordinary  cases.  We  must  bear  in  mind  that  the  St.  Lawrence  is 
no  oi-dinary  river,  but  is  during  the  ice  run,  by  far  the  most  for- 
midable of  the  rivers  emptying  into  the  Atlantic  ocean,  and  hence 
the  Victoria  Bridge  was  designed  in  early  days  to  be  on  the  safe 
side — better  so. 

The  speaker  some  twenty  years  ago  was  engineer  in  construct- 
ing the  International  Bridge  across  the  Niagara  Biver  at  Fort 
Erie  and  Buffalo.  The  main  river  is  1,900  feet  wide,  has  a  maxi- 
mum depth  of  45  feet.  The  centre  current  is  generally  about 
seven  miles  an  hour.  This  structure  was  in  course  of  erection 
when  Mr.  Geo.  Lowe  Beid.  Captain  Eads  and  Mr.  Cheeseworth 
(the  two  latter  are  now  dead),  made  a  report  for  the  Great  West- 
ern Bailway  of  Canada,  which  contemplated  taking  an  interest 
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in  the  ownership  of  that  structure,  and  all  three  concurred  and 
so  reported  that  in  their  opinion  the  piers  would  be  sheared  off 
by  the  action  of  the  fields  of  ice  moving  against  their  cutwaters. 
Time  has  proved  that  these  engineers  were  wrong  in  their  opi- 
nion ;  the  piers  have  stood  over  twenty  years  and  have  suffered 
no  damage  from  ice. 

It  was  found  by  experiments  made  by  the  President  of  this 
Society,  Sir  Casimir  Gzowaki.  in  1871,  that  hard  ice,  its  tempe- 
rature being  below  freezing  point,  crushes  at  208  lbs.  per  square 
inch.  Hence  if  resistance  is  opposed  to  moving  ice  sufficient  to 
crush  it,  the  object  is  attained.  A  sloping  cut-water  upon  which 
the  ice  will  run  up  and  break  is  however  the  natural  remedy  for 
ice  pressure  on  piers. 

Mr.  Dumble  speaks  of  the  Eice  Lake  Bridge  in  1860,  but  it 
was  in  1857  the  speaker  first  saw  Eice  Lake.  The  bridge  had 
then  failed  and  it  was  in  course  of  being  filled  in.  Hence  he 
thinks  there  is  an  error  in  the  date,  although  not  in  the  fact. 
The  wrecking  of  this  Bridge  was  in  effect  similar  to  that  of  the 
ice  pressure  upon  the  Bay  of  Quinte  Bridge.  Mr.  Dumble  says 
the  Eice  Lake  ice  acted  on  the  pile  Bridge  in  the  early  part  of 
December.  At  the  Bay  of  Quinte  Bridge,  the  injury  took  place 
on  the  20th  December,  1890. 

In  placid  waters  like  the  Bay  of  Quinte.  the  resistance  required 
to  overcome  the  effects  of  ice  can  be  calculated  with  as  much 
precision  as  on  rivers  where  "ice  runs"  in  spring  are  the 
features  to  be  encountered.  Piers  with  sloping  cut-waters  at 
each  end,  and  built  of  solid  masonry  or  of  crib-work  are  effectual, 
and  the  cost  of  such  works  should  offer  no  obstacle  so  serious  a3 
to  cause  a  project  of  public  benefit  to  be  abandoned.  It  cannot 
be  admitted  in  the  history  of  our  country  that  ice  offers  diffi- 
culties that  cannot  be  successfully  overcome.  What  has  to  be 
done  is  to  oppose  ice  pressure  by  sufficient  resistance  to  crush  it, 
viz :  208  lbs.  per  square  inch,  or  to  provide  sloping  ice  breakers 
upon  which  it  will  creep  or  run  and  break.  It  is  shown  that  ice 
in  its  formation  attacks  structures  in  its  way.  Hence  ice  should 
not  be  allowed  to  form  around  works  too  weak  to  repel  it  by 
crushing  or  by  breaking.  The  damage  is  often  done  when  the 
ice  has  formed  and  then  cutting  channels  comes  too  late  for  first 
results. 

The  site  of  the  bridge  at  Belleville  being  at  the  narrows,  the 
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ice  on  either  side  expends  itself  here,  and  the  two  ice  fields  east 
and  west  of  the  "  narrows  "  often  meet,  expanding  in  opposite 
directions  and  pile  into  great  heaps.  The  site  is  hence  one  of 
least  resistance,  subject  to  ice  pressure  from  each  side. 

Mr.  Shanly,  in  his  report  upon  the  Bay  of  Quinte  Bridge  says 
after  speaking  of  the  effects  of  the  ice : 

*;  And  yet  the  structure  is  a  good  structure.  In  design  well 
"  adapted  to  its  situation.  In  detail  well  and  carefully  thought 
r  out,  and  discovering  no  signs  of  the  work  not  having  been  well 
f  and  faithfully  done.  Nevertheless  the  piers  have  '  given"  to 
f  the  ice,  as  they  would  have  given  only  in  a  more  damaging 
"  degree  had  they  been  built  at  enormously  increased  cost  of 
¥  solid  masonry  all  the  way  up  from  the  rock  to  the  waterwaj-." 

This  reasoning  is  to  the  intellect  of  the  average  Engineer — 
not  apparent,  and  certainly  is  against  facts ;  because  had  the 
work  been  "well  and  carefully  thought  out"  the  structure 
would  not  present  the  failure  it  does  to-day ;  and  when  Mr. 
Shanly  says,  "  the  structure  is  not  of  a  kind  fitted  to  cope  with 
f  the  ice.  I  will  add  that  I  do  not  think  it  should  be  of  such  a 
I  sort,"  the  speaker  fails  to  understand  the  meaning  of  the  argu- 
ment, because  if  the  Bridge  was  not  competent  to  cope  with  ice, 
and  that  it  should  not  be  competent  to  do  so. — What  practical 
use  was  there  in  constructing  it  at  all  ?  Are  we  to  assume  that 
a  cluster  of  spring  piles  with  masonry  on  top  is  to  be  taken  as 
all  that  can  be  done,  or  that  should  be  done?  Or  are  we  to 
repose  with  the  assurance  that  solid  masonry  piers  cannot  be 
economically  and  successfully  constructed  to  resist  ice,  or  that  a 
combination  of  cribwork  and  masonry  cannot  be  built  to  meet 
requirements  both  physical  and  financial  ?  As  certain  as  the 
failure  of  the  first,  can  the  success  of  either  of  the  other  systems 
be  depended  upon. 

Mr.  Dumble's  experience  at  Rice  Lake  thirty  years  ago,  and 
that  of  Mr.  C.  H.  Keefer  at  the  Bay  of  Quinte,  are  very  similar, 
and  even  now  it  would  seem  as  if  the  failure  of  the  latter  is  to  be 
attributed  to  a  cause  we  cannot  commercially  overcome  instead 
of  (as  Mr.  Bumble  in  his  paper  on  Bice  Lake  experience  saj-s), 
to  "ignorance  of  one  of  the  forces  of  nature."  History  simply 
repeats  itself.  We  do  not  admit  that  the  ice  difficulty  in  the 
construction  of  bridges  in  Canadian  waters  cannot  be  met  with 
success  and  with   economy.     On  the  contrary,  we  say  that  ice 
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effects  can  be  dealt  with  as  readily  as  those  of  wind  or  storm,  and 
that  it  only  requires  a  knowledge  of  the  laws  of  nature  to  do  so. 
Ice,  Mr.  Dumble  says,  forming  at  a  temperature  of  32°  Fah.  is 
then  at  its  greatest  or  maximum  dimensions.  The  observations 
of  Mr.  Dumble  show  that  at  zero  Fah.  when  the  vane  of  the  staff 
read  zero,  and  at  32°  Fah.  the  vane  read  .01 — with  only  1^  inches 
difference  in  the  thickness  of  the  ice  between  the  readings — 
would  only  give  about  six  inches  per  mile.  The  speaker  refers 
to  readings  20  and  46.  Hence  the  movement  of  ice  in  still  waters, 
whem  it  first  forms,  is  not  great,  but  local  causes,  as  Mr.  Dumble 
says,  may  arise  to  increase  the  ratio  of  movement  in  formation 
or  subsequently. 

Engineers  must  be  prepared  to  build  works  to  meet  all  the  con- 
tingencies of  our  climate,  and  Mr.  Dumble's  paper  gives  to  the 
profession  a  mass  of  collated  evidence  that  will  guide  the  engineer 
in  his  design,  and  show  him  the  behavior  of  ice.  and  how  its 
movements  sympathize  with  the  temperature  of  the  air,  forming 
almost  parallel  lines  on  the  diagram.  Evidently  the  profession 
has  much  to  learn  with  regard  to  the  economical  management  of 
ice,  and  we  are  indebted  to  Mr.  Dumble  for  the  valuable  paper  he 
has  given  our  society,  furnishing  as  it  does  much  for  reflection 
and  interest  to  engineers  in  all  countries  where  ice  forms  a  factor- 
in  its  opposition  to  the  construction  and  maintenance  of  works. 

Correspondence  Mr.  C.  Ff.  Keefer  said,  he  trusted  that  Mr.  Dumble's  interest- 
Keefek  '  ing  paper  would  draw  out  a  full  discussion  and  lead  to  other 
experiments,  throwing  light  on  the  nature  and  effects  of  ice 
movements,  as  it  is  a  matter  on  which  there  is  great  deficiency 
of  professional  literature.  The  writer  had,  while  acting  as  Chief 
Engineer  for  the  Bay  of  Quinte  Bridge,  last  winter,  some  experi- 
ence of  the  enormous  power  exerted  by  the  contraction  and  | 
expansion  of  a  large  ice  field  which  may  be  of  interest  in  discus- 
sing this  subject.  This  was  a  highway  bridge,  built  across  the 
Bay  of  Quinte,  at  Belleville,  to  connect  the  city  of  Belleville  with 
Prince  Edward  county  on  the  opposite  or  south  shore.  From 
Dundas  street,  in  Belleville,  to  Bushy  Island,  the  approach,  about 
2,800  feet  in  length,  consisted  of  a  light  embankment  across  a  i 
marsh,  and  from  Bushy  Island  the  approach,  about  800  feet  in  j 
length,  was  formed  by  an  embankment  ending  at  the  north  abut- 
ment in  about  20  feet  of  water.  Between  the  north  abutment 
and  south  abutment,  the  bridge  consisted  of  13  spans  of  98  feet, 
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centre  to  centre  of  end  pins,  two  spans  of  148  feet,  one  draw  span 
238  feet,  and  one  spaa  G3  feet.  The  sub-structure  consisted  of 
masonry  piers  on  pile  and  crib  foundations  below  low'water  level. 
The  south  abutment  is  on  rock  foundation;  the  north  abutment 
and  piers,  number  15  and  1G  (the  pivot  pier)  and  IT,  are  on 
crib  work  foundations.  All  other  piers  are  on  pile  founda- 
tion, the  piles  being  cut  off  so  that  the  platform  on  which 
the  masonry  rests,  may  be  below  lowe-t  water,  and  enclosed 
in  crib  filled  with  stone,  to  protect  and  strengthen  the  piles. 
These  cribs  being  sunk  in  the  soft  silt  in  the  bottom  of  the 
Bay,  and  extending  up  to  the  foundation  level  of  the  masonry. 
The  piling  varying  in  length  from  30  to  GO  feet,  is  driven  to  the 
rock  in  each  pier.  The  depth  of  water  is  generally  20  feet;  the 
bottom  is  composed  of  silt  and  soft  clay,  of  which  there  is  a  depth 
of  from  22  to  40  feet  overlying  the  rock.  The  erection  of  the 
steel  superstructure  was  commenced  early  in  November,  the 
spans  being  erected  on  a  scow  and  floated  out  into  position.  On 
the  1st  of  December  the  ice  formed  on  the  Bay.  but  the  con- 
tractors still  continued  the  use  of  this  scow  for  erection,  cutting 
a  channel  for  it  through  the  ice.  The  season  was  very  favorable 
for  a  continuous  and  strong  formation  of  ice,  as  there  was  little  or 
no  snow,  and  continuous  cold  weather.  On  the  20th  December, 
when  the  ice  was  perfectly  glare,  and  of  a  thickness  of  from  10 
to  12  inches,  we  had  the  first  ice  movement  and  consequent  ice 
fissure  or  crack  of  the  season.  The  crack  starting  of  the  south 
shore  of  the  Bay,  about  4Q0  feet  east  of  the  bridge,  and  striking 
the  bridge  about  the  centre,  where  the  scow  used  for  erection  of 
superstructure,  was  frozen  in,  followed  the  line  of  the  bridge  to 
the  north  abutment.  On  the  line  of  the  channel  that  had  been 
cut  through  the  ice,  from  pier  to  pier  for  the  erecting  scow,  in 
which,  though  frozen  over  again,  the  ice  was  probably  weaker 
than  at  other  points,  and  formed  its  line  of  least  resistance.  At 
this  time  all  the  piers  were  built  and  with  the  ice  frozen  around 
the  masonry,  it  was  practically  in  the  grasp  of  an  enormous  ice 
field,  whose  force  exerted  in  contraction  or  expansion,  must 
either  move,  break,  or  bend  them.  The  effect  of  this  enormous 
thrust,  was  to  spring  the  piling,  so  as  to  throw  the  piers  from  2 
to  12  inches  out  of  line,  not  having  the  rip-rap  or  gravel  filling 
which  has  since  been  placed  around  the  crib  to  replace  and  con- 
solidate the  softer  material,  the  holding  ground  for  the  piling  was 
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sufficiently  soft  to  allow  of  their  springing  under  such  a  thrust, 
though  the  depth  of  holding  ground,  in  some  cases  40  feet,  pre- 
vented a  lateral  movement  in  the  piles  themselves.  After  the 
ice  was  cut  away,  and  pressure  on  the  piers  relieved,  they  came 
back  of  themselves  nearly  to  their  original  position.  The  writer 
was  on  one  pier  when  it  was  relieved  from  the  strain,  and  could 
very  distinctly  feel  the  movement  of  the  piling  straightening 
out  as  it  came  back  to  its  original  position.  As  this  ice  trouble 
naturally  created  some  anxiety  as  to  the  bridge,  the  writer  had  a 
consultation  with  Mr.  Walter  Shanly,  M.Can.Soc.C.E.,  who,  after 
examining  the  bridge,  and  seeing  the  extent  and  nature  of  the 
ice  field,  was  of  the  opinion  that  the  bridge  was  a  good  structure, 
well  adapted  to  its  situation,  and  that  the  piers  would  have 
"  given  "  to  the  ice  only  in  more  damaging  degree,  had  they  been 
built  at  enormously  increased  cost  of  solid  masonry  all  the  way 
up  from  the  rock  to  the  roadway.  There  is  no  doubt  that  the 
elasticity  of  the  pile  foundations  saved  us  from  serious  trouble. 
Now,  to  guard  against  future  trouble,  a  channel  will  be  kept  cut 
during  the  winter,  east  and  west  of  the  bridge,  so  as  to  isolate  it 
from  the  main  ice  field  of  the  Bay.  It  would  be  very  interesting 
if  we  could  have  a  record  of  continuous  observations,  extending 
over  the  entire  winter  of  a  large  ice  field,  to  determine,  as  far  as 
possible,  the  nature  and  extent  of  ice  movement.  Mr.  H.  B. 
Aylmer,  A.M.Can.Soc.C.E.,  the  Eesident  Engineer  of  the  bridge, 
managed  to  get  a  few  observations  from  lines  fixed  from  points 
on  shore,  150  feet  west  and  250  east  of  the  bridge,  and  parallel  to 
its  axis,  and  found  that  the  movement  was  constantly  towards 
the  crack  from  the  east  and  west,  closing  in  on  it  and  breaking, 
and  piling  up  the  ice  at  it.  From  the  line  he  established  west  of 
the  bridge,  he  found  the  movement  between  the  28th  January 
and  5th  February,  to  be  from  three  inches  near  the  north  abut- 
ment to  12  inches  near  the  south  abutment,  the  ice  moving  east 
towards  the  crack,  and  from  the  line  established  east  of  the 
bridge  between  the  28th  Jan.  and  5th  Feb.,  ho  found  a  movement 
of  from  9  inches  near  the  north  abutment,  to  16  inches  near  the 
south  abutment,  the  ice  moving  west  towards  the  crack.  The 
writer  noticed  in  the  cracks  formed  in  other  parts  of  the  Bay,  at 
a  later  date,  that  at  first  they  were  little  more  than  narrow 
fissures,  about  an  inch  in  width  at  the  top,  and  closed  at  the 
bottom,  showing  that  in  contracting  the  surface  of  the  ice  was 
strained  in  tension. 
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Mr.  J.  D.  Barnett  said — The  Rice  Lake  bridge  was  believed  to  Correspondence 

&  by  Mr.  J.  D. 

be  at  the  time  of  its  construction  the  longest  railway  bridge  on  Harnett, 
this  continent.  A  description  of  it  accompanied  by  drawings 
was  communicated  to  the  Canadian  Institute,  2 1st  April,  1855, 
by  T.  C.  Clark,  C.E.,  of  PortHope,  and  may  be  found  printed  and 
and  illustrated  in  its  journal  for  that  year,  page  249.  Mi-.  Clark 
said: — "It  was  predicted  by  many  persons,  previous  to  com- 
mencing this  undertaking,  that  no  structure  could  possibly  be 
built  which  could  resist  the  power  of  the  ice  in  Rice  Lake,  which 
forms  to  the  thickness  of  two  and  half  feet ;  expands  with  such 
power  as  to  buckle  up  into  high  ridges,  from  the  heat  of  the  noon- 
day sun  ;  and  contracting  again  in  the  cold  nights,  cracks  and 
splits  with  a  noise  like  that  of  artillery,  and  with  a  tremendous 
power  which,  as  they  declared,  no  artificial  structure  could  re- 
sist. Moreover,  they  said,  after  the  ice  has  '  taken  '  the  lake 
rises  up  some  two  or  three  feet,  and  the  ice  being  frozen  to  the 
piles,  mu^-t  inevitably  drag  them  all  out.  To  these  evil  forebod- 
ings it  was  replied  that  it  was  not  supposed  that  a  pile  bridge 
could  sustain  the  thrust  of  the  ice  for  any  length  of  time ;  it 
might  be  disturbed  and  thrown  out  of  line  and  level,  but  notwith- 
standing it  could  serve  to  carry  the  trains  across  the  lake  until 
such  time  as  it  could  be  filled  up  with  a  solid  embankment. 
When  there  is  no  snow  on  the  ice  the  heat  of  the  sun  in  the 
middle  of  the  day  expands  it,  and  it  moves  slowly,  carrying  the 
bridge  with  it.  "When  night  comes  on  and  the  temperature  falls, 
it  contracts  again,  and  cracks  and  splits  in  a  surprising  manner. 
One  of  these  cracks  took  place  at  a  very  acute  angle  across  the 
bridge,  throwing  one  portion  up  stream  about  eighteen  inches, 
and  the  other  down  as  much.  The  most  injury  that  the  bridge 
received  was  about  the  first  of  January  of  this  year.  The  weather 
was  particularly  trying,  the  days  being  warm  and  the  nights 
very  frosty;  and  this,  it  must  be  observed,  is  the  only  kind  of 
weather  in  which  the  bridge  takes  injury — uniformly  cold  or 
warm  weather  not  atfecting  it.  On  this  occasion  there  appeared 
to  bo  an  expansion  of  the  ice  from  the  channel  towards  each 
shore,  and  the  effect  was  irresistible.  The  pile  bridge  north  was 
thrown  towards  the  Indian  shore,  but  owing  to  the  number  of 
cribs  in  it,  it  moved  but  little.  The  truss  bridge  was  pushed  to- 
wards Tic  island,  so  that  the  last  span  slid  four  feet  upon  the 
solid  abutment.  South  of  Tic  island,  the  pile  bridge  was  crowded 
over  towards  the  Cobourg  shore,  so  much  that  at  the  place  where 
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it  parted  near  the  island  the  stringers  were  drawn  apart  nearly 
seven  feet,  so  that  they  fell  from  the  corbels.  The  piles  were 
leaned  over,  and  where  the  thrust  met  the  i  csistance  of  the  shore, 
it  crushed  up  the  solid  12x18  (oak)  stringers,  turning  them  into 
splinters,  and  bent  the  iron  rails  double.  This  has  all  been  re- 
paired, and  the  trains  are  now  crossing  regularly/' 

3Ir.  T.  Andrews,  in  1886,  carried  out  an  elaborate  series  of 
experiments  to  measure  the  dilatation  of  ice,  between  the  tem- 
perature of  35°  below  zero  (F)  up  to  freezing  point — see  Proceed- 
ings of  the  Eoyal  Society  of  London,  Vol.  40,  p.  544.  He  used 
pure  distilled  water,  artificially  freezing  it  into  a  cylindrical 
mass,  25J  inches  diameter,  and  of  the  same  depth,  having  inserted 
into  both  sides  and  face,  two  sets  of  iron  bars  an  inch  square 
and  13  inches  deep.  The  measurements  between  these  bars,  16^ 
inches  apart,  were  at  the  different  temperatures  of  the  mass  ac- 
curately taken  by  a  delicate  micro- vernier  guage,  the  limit  of 
error  in  reading,  which,  by  the  aid  of  a  telescope,  did  not  exceed 
two-thousandth  of  an  inch.  The  average  of  100  measurements  in 
each  case  regarded  as  the  correct  reading,  and  the  results  are  re- 
corded in  the  following  table.  A  difference  was  observed  be- 
tween the  longitudinal  aud  transverse  dilatation.  This  was  not 
owing  to  error  in  observation,  as  the  deviation  was  constantly 
noticeable  during  the  course  of  the  measurements.  Certain 
crystaline  bodies  dilate  unequally,  and  the  ice  also  appeared  to 
behave  in  a  similar  manner.  The  difference  noticed  may  there- 
fore, possibly,  have  been  due  to  the  mode  of  crystallization  of  the 
cylindrical  mass  of  ice. 

It  will  be  be  noticed  that  the  co-efficients  become  less  as  the 
temperature  is  reduced. 
Table — Dilatation  of  Pure  Ice  Between  — 35°  and  +32°  F. 


Column  1. 

Column  2. 

Column  3. 

Traversly  Mea-  Longitudinally 
sured  at  32°  F      Measured  at 
Became          32°  F  Became 

Linear  Expansion. 

Transverse. 

Longitudinal 

1000  parts  at    -+-16'  F..     1000-654 
"  zero   F...      1001.103 
<■■  _21  F...      1001.533 
"—  30  F...      1001.712 
"  —  35  F...      1001.871 

1000.657 

1  in  1,529 
1  "      906 
1  "      652 
1  "      584 
1  "      534 

1  in  1,522 

Linear  co-efficient  for  1°  between  +  16  F  and  -f  32  F  =  0.000,040,876. 

"  "  "  "  "  0  and-- 16  F  =  0.000,028.042. 

"  "  "  "  —21     "      0  F  =  0.000,020,484. 

"  "  "  '*  —30    "  -21  F  =  0.000,019,744. 
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These  figures  (even  for  ice  of  extreme  thickness)  between  zero 
and  32°  F.  show  a  longitudinal  contraction  per  mile  of  fully  41  \ 
inches,  against  Mr.  Dumble's  16  inches.  The  difference  will  be  in 
part  due  to  the  variation  of  his  measuring  rod,  but  more  largely 
the  writer  thinks,  due  to  the  influence  of  the  higher  temperature 
of  the  water  in  which  the  test  piece  floated.  There  is  no  doubt 
that  below  freezing  point  the  test  piece  was  at  different  tempera- 
tures on  its  upper  and  lower  surface,  in  fact  was  radiating  heat 
to  the  colder  atmosphere.  We  are  not  in  the  habit  of  thinking  of 
ice  as  a  heat  conductor,  but  its  relative  conductivity  as  given  by 
Dr.  Pfaff  is  as  follows:— Gold.  1,000;  iron,  374;  ice,  314;  tin,  303. 
That  a  wide  range  of  ice  contraction  after  formation  is  pos- 
sible will  be  the  more  readily  granted  when  we  remember  that 
the  water  increases  in  bulk  practically  one-eleventh.  The  various 
experiments  for  density  at  32°  F.  being  :  Thomson,  0.940  ;  Ber- 
zelius,  0.916;  Plicker  &  Gleissler,  0.920;  Kopp,  0.909,  and 
Dufour,  0.9175. 

Mr.  W.  J.  Sproule  said — on  Lake  St.  Peter,  in  winter,  there  is  Mr.  W.J. 
an  expanse  of  ice  about  twenty  miles  in  length,  by  eight  to  ten 
miles  in  width.      The  speaker  spent  the  greater  part  of  three 
winters  on  this  lake,  making  surveys  in  connection  with  the  ship 
channel.     Each  winter  a  crack  occurred  near  the  north  shore  of 
the  lake,  in  apparently  the  same  locality.     No  systematic  obser- 
vations were  made.     The  crack  was  about  a  mile  from  the  north 
shore,  and  opened  and  closed  with  changes  of  temperature  during 
the  winter.     It  was  at  times  four  feet  wide,  so  that  it  was  neces- 
saiy  to  bridge  it  for  the  passage  of  horses,  and  at  other  times  the 
two  edges  were  over-lapped  or  buckled  up  into  a  ridge.     The 
I  expansion  or   contraction,  seemed   to   be   accumulated    at   this 
crack,  for  if  any  others  occurred  between  this  one  and  the  middle 
of  the  lake,  they  were  not  of  sufficient  dimensions   to   attract 
attention.     As  this  crack  was  near  one  shore,  it  seems  probable 
that  the  ice,  when  it  contracts,  would  pull  away  from  the  shore 
if  it  were  not  fastened  to  it  securely  enough  to  overcome  the 
tensile  strengh  of  the  ice.      This  condition  may  arise  from  the 
fact  that  the  ice  "  takes  "  or  freezes  first  at  the  shore.    The  water 
rises  in  rivers,  or  lakes,  on  which  there  is  a  current,  and  the  ice 
"  takes  ",  and  being   held  down  by  its  attachment  to  the  shore, 
the  ice  is  overflowed.     This  overflow  then  freezes,  and  thus  the 
ice  near  shore  is  thickened,  and  the  area  of  attachment  to  the 
shore  is  increased. 
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Mr.  Duncan 
MacPherson. 


Mr.  Duncan  MacPherson  said: — In  reading  over  Mr.  Dumble's 
interesting  paper  on  "  Expansion  and  Contraction  of  Ice,"  one 
cannot  but  give  great  credit  to  the  author,  for  the  careful  and 
exceedingly  onerous  experiments  which  he  carried  out,  and  which 
probably,  establish  pretty  correctly  the  behaviour  of  ice  under 
the  given  conditions.  It  does  not.  however,  appear  equally  clear 
that  the  forces  which  acted  with  such  disastrous  results  on  the 
Eice  Lake  Bridge,  were  due  entirely  to  the  contraction  and 
expansion  of  the  surrounding  ice.  The  speaker  has  had  under 
his  immediate  supervision,  for  a  number  of  years,  several  pile 
trestles  crossing  lakes  and  wide  bays  ;  some  in  deep  and  others 
in  shallow  waters.  These  structures  have  been  completely  frozen 
in  with  ice,  more  or  less  thick,  according  to  the  season,  but  have 
never  been  shifted  in  the  slightest  noticeable  degree  by  ice 
expansion.  It  would  appear  possible,  that  there  must  have  been 
very  thin  ice  or  open  water  near  the  Rice  Lake  trestle,  and  lying 
to  one  side  of  it ;  or  else  that  winds  and  currents,  acting  separately 
or  together,  caused  regular  ice  shoves. 

Last  winter,  the  speaker  had  a  case  come  under  his  immediate 
observation,  which  illustrates  the  tremendous  power  of  ice  expan- 
sion, and  the  result  when  acting  on  one  side  only  of  a  structure. 

The  Canadian  Pacific  Railway  crosses  the  Riviere  des  Praries, 
or  Back  River,  by  means  of  three  through  truss  spans  of  steel ; 
two  of  155'. 5  and  one  of  203'  feet,  centre  to  centre  of  end  pins. 

The  east  span,  shown  in  the  diagram  below,  was  148'. 3  be- 
tween masonry  at  ice  level,  January,  1891. 


The  current  is  swift  under  the  centre  and  west  spans,  butl 
comparatively  slow  under  the  east  span,  and  in  very  cold  seasons,! 
such  as  last  winter,  a  solid  sheet  of  ice  forms  between  the  east;1 
abutment  and  pier,  but  there  is  always  open  water  under  thel 
other  spans,  and  consequently  no  counteracting  thrust  due  to  iceSII 
expansion  on  the  west  side  of  pier. 
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The  anchor  bolts  1J  in.  diam.  at  the  roller  end  of  the  super- 
structure on  east  pier,  were  found  badly  bent,  and  some  of  them 
broken  ;  check  measurements  revealed  the  fact  that  the  pier  was 
slightly  out  of  level,  and  the  top  had  moved  two  inches  towards 
the  west.  The  ice  under  the  span  at  this  time  was  12  inches 
thick,  and  the  depth  of  water  from  top  of  ice  to  bed  of  stream  at 
east  side  of  caisson,  18  feet.  Top  of  ice  to  top  of  masonry  pier, 
17  feet  6  inches.  A  narrow  channel  was  cut  through  the  ice  to 
open  water,  and  the  pier  immediately  came  back  to  its  normal 
position.  This  was  quite  apparent  to  the  eye,  by  observing  a 
fixed  gauge  which  had  been  run  out  from  the  abutment,  on  the 
superstructure,  to  the  pier.  This  pier  is  built  of  heavy  rock- 
faced  limestone  ashlar.  It  was  built  inside  a  timber  caisson,  and 
the  bed  formed  by  excavating  a  few  inches  of  hard  pan  from 
the  solid  rock.  The  space  between  caisson  and  pier  is  filled  in 
with  broken  stone.  Height  of  masonry  of  piers,  35  feet,  and 
length  of  straight  side  at  low  water  line,  42  feet.  It  has  been 
suggested  in  discussion,  that  the  pier  probably  cracked  at  the 
offset,  near  the  top  of  the  caisson,  but  this  seems  impossible,  as 
the  point  of  application  of  the  ice  thrust  was  only  3J  feet  above 
this  offset,  which  would  be  too  short  a  lever  arm  when  counter- 
acted by  weight  of  pier  and  superstructure  above ;  moreover, 
subsequent  critical  examinations  with  divers,  proved  that  the 
masonry  had  not  been  disturbed  above  the  top  of  the  caisson,  and 
that  the  sides  of  the  caisson  and  foundations  were  in  good  order. 
It  appears  more  probable,  either  that  the  whole  pier  moved 
slightly  by  tilting  about  its  bottom  edge,  inside  the  caisson,  or 
that  the  whole  pier  and  caisson  tilted  together.  Assuming  the 
former,  and  allowing  for  the  buoyancy  of  the  part  submerged, 
the  total  weight  of  pier  and  superstructure  lifted  by  the  ice  with 
an  arm  of  about  17  feet,  was  approximately  1.000  tons,  which 
was  not  only  lifted,  but  held  up  under  passing  trains.  The  top 
of  ice  is  shown  in  the  diagram  by  a  full  line,  and  the  bottom  by 
a  dotted  line,  but  the  movement  of  the  pier  was  too  little  to  show 
on  such  a  small  scale. 

Mr.  H.  Irwin  said — the  subject  of  Mr.  Dumble;s  paper  is  one  Mr.  H.  Irwin. 
of  great  importance  to  Engineers,  many  of  whom,  judging  by 
Mr.  Hannaford's  remarks  with  regard  to  the  bridge  at  Belleville, 
must  still  know  very  little,  with  regard  to  the  destructive  effect 
of  ice  when  expanding. 
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The  figures  given  by  Mr.  Dumble,  in  the  table,  showing  the 
movement  of  a  100  foot  strip  of  ice,  require,  as  he  says,  to  be 
corrected  for  the  expansion  of  a  deal  rod  also  100  feet  long. 

It  is  true  that  Joule  found,  that  while  pine,  when  wet,  scarcely 
expanded  at  all,  so  that  for  any  measurements,  when  the  tem- 
perature was  over,  say  30  degrees,  it  is  most  likely  that  no 
correction  would  be  required ;  however,  for  temperatues  below 
30  degrees,  the  correction  should  be  made. 

The  average  co-efficient  of  expansion  of  dry  deal  as  given  by 
Trautwine,  Hurst  and  Deschanel,  (the  latter  quoting  from 
experiments,  by  Joule)  is  0.0000024  per  degree  Farenheit,  which 
would  give  0.00768  feet  for  the  expansion  of  the  100  foot  deal 
rod,  from  zero  to  32  degrees  ;  adding  this  0 .  00768  feet  to  the 
0.026  feet  given  by  Mr.  Dumble,  as  the  average  expansion  of  the 
100  foot  strip  of  ice,  less,  that  of  the  deal  rod,  it  would  appear 
that  the  actual  expansion  of  the  100  foot  strip  of  ice  from  zero  to 
32  degrees,  would  be  0.033  feet,  or  say  0.001  foot  per  degree  for 
the  100  foot  strip;  which  would  make  the  average  co  efficient  of 
expansion  of  ice  between  Zero  and  32  degrees  to  be  0.00001. 

An  abstract  of  the  results  of  the  experiments  made. in  1886,  by 
Mr.  T.  Andrews,  and  quoted  by  Mr.  Barnett,  may  be  found  in  the 
Scientific  American  Supplement  for  January  1st,  1887,  page 
9173.  The  block  experimented  on  was  two  feet  square  by  one 
foot  thick,  and  was  cooled  down  by  placing  it  in  a  freezing 
mixture. 

In  round  numbers  his  experiments  show  the  co-efficients  of 
expansion  to  be  as  follows,  viz : 

From— 30°  to  0°  Far.— 0.00002  per  degree, 

From— 0°  to  16°  Far.— 0 .  00003  per  degree,  and 

From  16°  to  32°  Far.— 0.00004  per  degree. 

Taking  the  average  from  Zero  to  32°  as  0.000035,  it  would 
appear  that  Andrews  found  the  rate  of  expansion  three  and 
a-half  times  greater  than  that  observed  by  Mr.  Dumble. 

The  conditions,  however,  under  which  the  experiments  were 
made  were  very  different,  as  Mr.  Barnett  remarks.  Ice  floating 
on  water  at  a  pretty  uniform  temperature  would  not  contract 
under  the  influence  of  the  cold  air  above,  as  much  as  if  entirely 
surrounded  by  a  freezing  mixture.  The  speaker  thinks,  how- 
ever, that  a  long  narrow  strip  of  ice.  like  that  experimented  on 
by  Mr.  Dumble,  might  expand  much  more  per  foot  in  the  direc- 
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tion  of  its  width,  than  in  the  direction  of  its  length;  and  that,  in 
estimating  the  probable  expansion  of  a  field  of  ice,  it  would  be 
safer  to  count  on  a  co-efficient  of  expansion  of  0.00002.  which  is 
about  a  mean  between  the  values  found  by  Mr.  Andrews  and  Mr. 
Dumble. 

Mr.  Andrews  also  found  that  ice  at  low  temperatures  became 
extremely  hard.  May  not  this  fact  be  connected  with  the 
marked  decrease  in  the  co-efficient  of  expansion  at  low  tempera- 
tures, when  the  crystals  may  have  become  so  firmly  laced 
together  that  the  aggregation  could  not  contract  so  readily  ? 

Mr.  Peterson  states  that  no  damage  has  been  done  to  any  of 
the  trestles  on  the  line  of  the  Canadian  Pacific  Eailway  through 
the  expansion  of  ice,  though  there  are  several  in  large  lakes,  on 
the  shores  of  Lake  Superior  and  of  Lake  Memphremagog,  and  in 
other  localities.  This  is  probably  due  to  a  difference  in  the  con- 
dition of  the  ice  which  surrounds  them.  Along  the  shores  of 
Lake  Superior,  the  expansion  of  the  ice  may  take  place  towards 
the  open  water  of  the  lake,  and  there  may  be  very  little  move- 
ment at  all  near  the  shore.  In  the  case  of  the  inland  lakes  and 
ponds,  the  ice  may  be  uniformly  thick,  so  that  when  a  change 
of  temperature  takes  place,  there  being  no  reason  why  the  ice 
should  crack  any  more  in  one  place  than  another,  it  does  not 
crack  at  all.  There  are,  therefore,  no  cracks  to  fill  up,  and 
cause  the  ice  to  expand  over  double  the  space  through  which 
it  had  previously  contracted.  The  consequence  is  that  scarcely 
any  movement  takes  place  and  no  damage  is  done. 

The  speaker  had  a  practical  demonstration  that  ice  may  have  a 
great  tendency  to  crack,  and  yet  not  do  so  till  a  line  of  least  res- 
istance was  given.  During  the  first  winter  he  was  in  Canada, 
not  being  accustomed  to  Montreal  winter  sidewalks  he  took  to 
wearing  spikes  in  his  rubbers.  When  there  had  been  a  thaw  and 
a  sudden  drop  in  temperature,  so  that  the  sidewalks  were  well 
coated  with  glare  ice,  he  found  that  when  he  punched  a  small 
hole  in  the  ice  with  his  spikes  the  ice  cracked  across  the  sidewalk 
with  a  loud  report,  while  it  did  not  crack  at  all  under  heavier 
people  who  were  walking  gently  and  carefully  for  fear  of  falling, 
showing  clearly  that  the  crack  was  due  to  a  tendency  to  contract 
and  not  to  weakness,  as  in  the  case  of  thin  ice  on  a  pond.  At  the 
same  time  the  speaker  also  noted  the  extreme  hardness  of  ice  at 
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low  temperatures,  for  he  found  that  when  it  was  below  zero  it 
was  very  difficult  to  make  spikes  catch  in  the  ice,  except  when 
they  were  very  sharp. 

The  decrease  in  shoves  when  the  ice  gets  very  thick,  as 
observed  by  Mr.  Dumble,  may  be  due  to  the  fact  that  the  interior 
of  the  ice  was  not  much  affected  by  a  change  in  the  temperature,, 
and  besides  when  the  ice  is  thick  it  is  generally  well  coated  with 
snow. 

As  to  the  suggestion  that  it  is  difficult  to  account  for  the  amount 
of  the  movement  observed  at  Eice  Lake,  if  it  be  caused  only  by 
expansion  due  to  changes  in  temperature,  and  that  the  movement 
may  be  similar  to  that  of  glaciers.  The  speaker  does  not  think 
that  the  ice  in  question  is  nearly  thick  enough  for  any  glacial 
flow,  nor  could  such  a  flow  take  place  in  the  surface  of  a  lake. 
He  does  not  see  any  difficulty  at  all  in  accounting  for  the  amount 
of  the  expansion.  Mr.  Hollinshead  informs  him  that  there  is  a 
flow  of  water  constantly  going  on  down  the  centre  of  Eice  Lake. 
The  ice  would  be  weaker  over  the  current.  When  the  ice  con- 
tracted it  would  break  at  this  weakest  place,  over  the  centre  "of 
the  lake,  and  being  frozen  to  the  stones  and  boulders  along  the 
edge  of  the  lake  would  not  draw  away  from  the  shore,  whera  the 
ice  would  be  thicker  and  stronger.  The  cracks  would,  therefore, 
open  out.  When  it  got  cold  again  these  cracks  would  fill  with 
ice,  then  when  mild  weather  came  the  ice  must  expand  some- 
where and  would  have  to  push  towards  the  shore  or  crumple  up 
as  described  by  Mr.  Dumble.  This  process  would  be  repeated 
over  and  over  again  during  the  winter  and  the  resulting  move- 
ment might  be  very  large. 

The  conditions  at  Belleville  are  evidently  somewhat  different 
from  those  at  Eice  Lake,  since  the  ice  seems  to  move  at  the 
former  place  in  the  direction  of  the  length  of  the  channel.  It 
would  seem,  therefore,  that  the  exact  nature  of  the  effect  ice  may 
have  on  a  structure  exposed  to  its  expansion  can  only  be  learnt 
by  a  winter's  observation  on  the  spot. 

In  connection  with  Mr.  MacPherson's  remarks  as  to  the  Cana- 
dian Pacific  Eailway  Bridge  at  the  Back  Eiver,  the  speaker  has 
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calculated  the  pressure  that  would  have  to  be  exerted  by  the  ice 
as  follows  : — 

Weight  of  submerged  part  of  pier 1,100,500  lbs. 

"Weight  of  part  above  the  ice 625,460    " 

Weight  of  two  halves  of  the  150  foot  spans  with  flow     310,000    " 

Total  weight  pushed  over  by  the  ice 2,035,960    " 

Say  total 2.036,000    " 

Suppose  this  weight  to  rest  on  a  width  of  one  foot  of  the  floor 
of  the  crib  when  the  pier  was  tilted  up,  then  the  lever  arm  of  the 
weight  would  be  5  ft.  6  in.,  the  pier  being  twelve  feet  wide  at  the 
bottom. 

The  moment  of  stability  is  5.5  x  2,036,000,  equal  to  11.198,- 
000  foot  pounds,  which  divided  by  20  for  the  lever  arm  of  the 
ice,  gives  the  pressure  exerted  by  the  ice  as  559.900  pounds. 
This  pressure  was  exerted  against  a  length  of  37  feet  6  inches  of 
the  side  of  the  pier,  and  say  an  equivalent  of  6"  more  for  the 
nose  of  the  cutwater,  which  is  dressed,  or  38  feet  in  all.  The  ice 
"being  one  foot  thick,  this  would  give  an  area  of*  38  square  feet, 
against  which  the  said  pressure  of  559,900  pounds  was  exerted; 
this  would  give  102  pounds  per  square  inch  as  the  necessary 
pressure  to  tilt  up  the  pier,  as  described  by  Mr.  MacPherson. 

Experiments  made  in  Toronto,  some  years  ago,  on  blocks  of 
ice  one  foot  square,  showed  that  ice  would  stand  a  pressure  of 
210  pounds  per  square  inch,  so  that  the  pi*eseure  of  102  pounds 
per  square  inch  is  well  within  what  the  ice  would  stand. 

If  the  pier  were  tilted,  as  assumed,  so  as  to  be  carried  by  one 
foot  in  width  of  the  floor  of  the  caisson,  the  pressure  on  the  wood 
would  be  about  2,036,000  pounds,  divided  by  38  square  feet,  or 
about  53,600  pounds  per  square  foot,  equal  to  about  372  pounds 
per  square  inch,  or  about  half  the  weight  necessary  to  indent  dry 
pine  one-hundredth  of  an  inch,  so  that  it  is  not  unreasonable  to 
suppose  that  the  timber  of  the  crib  would  stand  the  assumed 
load,  as  it  has  always  been  in  deep  running  water  since  it  was 
sunk,  and  has  had  the  weight  of  the  pier  and  bridge  on  it  all  the 
time.  With  regard  to  Mr.  Sproule's  suggestion  that  the  Pier  at 
the  Back  Eiver  Bridge  was  not  tilted  up  bodily  by  the  ice,  but 
that  it  probably  opened  at  the  joint  where  it  narrows  in,  from  12 
feet  wide  to  10  feet  wide^  the  speaker  does  not  think  that  the 
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pier  gave  way  in  that  manner,  as  a  diver  examined  it  carefully 
and  reported  no  cracks  in  the  masonry.  As  Mr.  Sproule  does 
not  seem  quite  satisfied,  however,  the  speaker  has  calculated 
the  approximate  tension  that  there  would  be  at  the  outside  of 
the  pier,  supposing  the  pressure  of  the  ice  to  have  been  14,734 
jjounds  per  square  foot,  as  previously  calculated.  The  joint 
referred  by  Mr.  Sproule,  is  6  feet  6  inches  below  the  centre  of 
the  ice  when  the  movement  occurred.  The  bending  movement 
therefore,  on  a  vertical  strip  of  the  pier  one  inch  wide,  would 
be  95,*7tl  inch  pounds  at  the  joint  mentioned. 

Assuming  the  pier  to  be  sufficiently  elastic  to  act  as  a  beam, 
which  would  seem  reasonable,  as  tall  spires  and  chimneys  will 
move  a  few  inches  in  a  storm  without  cracking,  and  calling  the 
outer  strain  per  square  inch  f,  the  width  at  the  joint  in  question 
being  10  feet,  the  outer  strain  f  =  yr-~^r~^n  =  40  lbs.  per 
square  inch.  From  this  must  be  deducted  the  uniformly  dis- 
tributed pressure  from  the  load  above  the  joint.  This  pressure 
is  about  18  pounds  per  square  inch.  The  actual  outer  unit 
strain,  at  the  joint  in  question  would  be  therefore  about  18 
pounds  per  square  inch.  The  pier  was  probably  built  with  2  to 
1  Portland  cement  mortar.  The  tensile  strength  of  this  might 
be  taken  at  300  pounds  per  square  inch.  Trau twine  gives  the 
adhesion  at  about  three-fourths  of  the  tensile  strength  at  the 
same  age. 

The  adhesive  strength  of  the  joint  would  therefore  be  about  225 
pounds  per  square  inch,  which  appears  to  be  far  too  high  from 
data  given  in  Mr.  Ira  O.  Baker's  book  on  masonry.  Mr.  Baker 
states  that  Mr.  Mann  found  the  adhesive  power  of  neat  Portland 
cement  to  be  only  from  00  to  80  pounds  per  square  inch,  as  an 
average  of  12,000  experiments.  He  does  not  give  the  age  of  the 
cement  tested,  but  it  is  not  likely  to  have  been  over  6  months 
on  the  average.  As  the  adhesive  power  is  supposed  to  increase 
very  much  with  the  age,  it  is  probable  that  the  adhesive  strength 
of  the  2  to  1  mortar  after  several  years,  would  be  at  least  60  or 
10  pounds  per  square  inch,  which  would  give  an  ample  margin 
of  safety  for  a  strain  of  about  18  pounds  per  square  inch.     It 
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does  not  seem  at  all  probable,  therefore,  that  the  joint  in  question 
opened  at  all. 

Prof.  J.  T.  Nicolson  said — Mr.   Dumble  does  not  attempt  to  Correspondence 
estimate  the  actual  contraction  of  the  ice  due  to  fall  of  tempera- Nicolson. ' 
ture.    What  he  measured,  as  he  himself  states,  was  the  difference 
between  the  contraction  of  the  pine  rod  and  the  ice. 

The  only  figure  for  the  specific  contraction  of  the  wood  the 
writer  has  been  able  to  obtain,  is  for  oak.  and  this  makes  the 
length  increase  by  .000746  of  its  length  for  a  rise  from  0°  C.  to 
100°  C.  If  the  co-efficient  holds  for  such  temperatures  as  0°  F.  to 
32°  F.,  then  the  oak  should  contract  about  .013  feet  in  100  feet 
for  a  fall  from  32°  F.  to  0°  F. 

Mr.  Dumble  gives  .020  feet  in  100  feet  as  the  mean  shortening 
for  32  degrees  fall  of  temperature,  of  the  ice  relatively  to  the 
pine.  If  then,  pine  contract  anything  like  oak,  we  shall  obtain 
(.013 +  . 026)  =  0.039  ft.  (per  100  ft.,  per  32  degrees  fall)  as  the 
actual  contraction  of  the  ice.  This  amounts  to  about  24  inches 
per  mile  instead  of  the  16  Mr.  Dumble  mentions. 

The  writer  would  be  glad  to  know  what  Mr.  Dumble  has 
observed  as  the  contraction  or  expansion  per  mile  ? 

Mr.  Thomas  Curtis  Clarke  said — as  the  Rice  Lake  Bridge  had  Correspondence 
been  referred  to  as  "some  of  his  early  work,"  he  wished  to  state  Curtis'.ciarke. 
that  he  had  nothing  to  do  with  it. 

The  writer  was  associate  Engineer  with  Mr.  E.  G.  Benedict, 
upon  the  Port  Hope,  Lindsay  and  Beaverton  Railway,  when  the 
Rice  Lake  Bridge  was  being  built  in  1854,  (not  1840,  as  stated 
by  Mr.  Dumble)  aud  living  near  Rice  Lake  was  naturally 
interested  in  watching  the  effect  of  the  ice  upon  it.  His  obser- 
vations, as  published  in  the  proceedings  of  the  Canadian  Institute, 
he  has  now  read  over  as  quoted  by  Mr.  Barnett,  and  finds  nothing 
to  change. 

As  a  matter  of  fact,  the  damage  to  the  bridge  was  repaired, 
and  trains  were  run  over  it.  All  the  trouble  could  have  been 
prevented  if  cribs  filled  with  stone,  and  shaped  as  ice  breakers, 
had  been  used  in  sufficient  numbers,  as  Mr.  C.  H.  Keefer  has  done 
in  his  bridgo  at  Belleville. 

After  the  injury  had  taken  place,  the  use  of  such  ice  breaker 
cribs  would  have  prevented  its  repetition.     But,  a  rival  road  had 
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been  built  from  Peterboro  to  Port  Hope  with  much  easier  grades 
than  the  Cobourg  and  Peterboro,  and  all  the  business  went  that 
way,  and  the  Cobourg  and  Peterboro  lost  its  traffic  and  was 
finally  abandoned. 

Mr.  Dumble  deserves  great  credit  for  his  energy  and  patience 
in  making  the  experiments  described  in  his  paper,  but  the  con- 
clusions drawn  by  him  are  not  reliable,  as  pointed  out  by  Mr. 
Barnett  in  his  discussion,  and  for  the  reason  given  by  him. 
Few  men  are  born  experimenters.  This  usually  comes  from 
training. 

If  progress  in  engineering  is  to  be  continuous,  it  will  be  greatly 
due  to  the  fact,  that  most  modern  engineers  have  received  a 
scientific  training  in  technical  schools. 

Engineering  is  construction  according  to  scientific  methods,  and 
by  Mr.  Waiter  these  are — observation,  experiment  and  theory  combined. 

Shanly.  '        l  J 

Mr.  Walter  Shanly  said — in  December,  1890,  he  was  asked  by 
the  Directors  of  the  "  Eay  of  Quinte  Bridge  Company  "  to  ex- 
amine the  bridge,  then  under  construction,  and  advise  as  to  the 
best  means  of  preventing  the  recurrence  of  certain  threatening 
action  of  the  ice  on  some  of  the  piers. 

Early  in  the  following  month,  the  writer  made  a  report  giving 
his  views  and  suggestions.  The  report  was  published  in  the 
columns  "of  the  local  (Belleville)  papers,  and  his  opinions,  as 
therein  stated,  have  been  criticized  by  Mr.  E.  P.  Hannaford  in 
the  course  of  this  discussion. 

In  prefacing  his  remarks,  Mr.  Hannaford  has  sketched  a  fair 
general  outline  of  the  bridge,  its  site,  mode  of  construction,  etc. 
The  writer  need  not,  therefore,  enlarge  on  these  points.  Also,  he 
finds  himself  so  nearly  in  accord  with  Mr.  Hannaford,  as  to  how 
floating  ice  acts  in  its  effects  on  bridge  structures,  and  as  to  the 
surest  methods  of  counteracting  its  forces  as  to  leave  not  much 
room  for  argument,  on  those  points  either. 

"Piers,"  Mr.  Hannaford  says,  "with  sloping  cutwaters  at  each 
end,  and  built  of  solid  masonry  or  crib  work,  are  effectual,  and 
the  cost  of  such  work  should  offer  no  obstacle  so  serious  as  to  cause  a 
project  of  public  benefit  to  be  abandoned."  Again,  he  says,  "  It  can- 
not be  admitted  in  the  history  of  our  country  that  ice  offers 
difficulties  that  cannot  be  successfully  overcome."     He  further 
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lays  down  the  doctrine  that  it  "  only  requires  a  knowledge  of  the 
laws  of  nature"  to  enable  us  to  deal  effectually  with  ice.  (The 
italics  in  the  quotations  are  the  writer's.) 

Knowledge  of  the  laws  of  nature  will  not  alone  suffice  for  the 
building  of  bridges  capable  of  resisting  ice  movement.  Money, 
too  is  an  essential,  and  while  we  have  learned  from  the  "  un- 
answerable logic  of  accomplished  facts  "  that  the  power  of  ice, 
«ven  as  illustrated  in  such  grandly  phenomenal  form  as  here  at 
Montreal,  can  be  successful^  combatted,  we  also  know  that  only 
Governments  or  wealthy  and  powerful  railway  corporations  can 
provide  engineers  with  the  means  of  building  bridges  after  the 
fashion  of  the  Victoria  Bridge.  Lesser  corporations,  country 
municipalities,  and  such  like  humble  bodies  must  be  content  in 
dealing  with  lesser  waters  to  be  governed  by  the  homely  old  rule 
r  Cut  your  coat  according  to  your  cloth." 

The  construction  of  the  Victoria  Bridge  marked  the  opening 
of  a  new  era  in  the  engineering  "  history  of  our  country," 
depriving  the  ice  problem  in  our  great  northern  rivers  of  half  its 
terrors.  The  masonry  of  that  great  structure  was  completed  in 
1858,  ic  therefore  sounds  somewhat  strangely  that  some  thirteen 
years  later,  as  related  by  Mr.  Hannaford,  three  distinguished 
engineers  should  have  given  a  unanimous  opinion  that  in  the  case 
of  the  International  (Niagara  Eiver)  Bridge,  then  about  to  be 
undertaken,  the  "  piers  would  bo  sheared  off  by  the  ice  fields." 
It  would  be  interesting  to  learn  how  it  came  that  those  three 
distinguished  engineers  so  entirely  ignored  the  teachings  of  the 
great  bridge  at  Montreal. 

What  is  known  as  the  "  shearing  "  process  is  effected  by 
detached  masses  or  "  fields  "  of  moving  ice.  The  water  is  the 
active  power  in  the  operation  ;  the  ice  its  agent  or  weapon.  The 
Victoria  and  International  bridges  are  both  alike  subjected  to 
the  shearing  action  and  both  alike  have  withstood  it.  But  the 
sloping  "  cut-water  "  was  not  a  new  idea  in  reference  to  either 
one  of  these  structures.  It  might  have  been  seen  long  years 
before  the  first  of  them  was  thought  of,  in  the  rude  constructions 
of  cribwork  for  the  protection  of  ordinary  highway  bridges  and 
booms  on  many  of  our  minor  Canadian  waters. 

The  winter  condition  of  the  Bay  of  Quinte  offers  a  widely 
different  problem  from  that  presented  in  the  cases  quoted  above. 
There  is  no  ice  in   floating  or   "  running "   motion.     The  Bay 
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closes  completely  over,  exposing  to  the  atmosphere  a  wide  level, 
frozen  surface,  the  unfrozen  water  underlying  it  heing  meantime 
in  a  state  of  rest  and  taking  no  part  in  the  phenomenal  cracking 
of  the  ice  that  covers  it.  Instantly  on  the  parting  taking  place 
the  divided  field  recedes,  on  both  sides  of  the  opening,  and  then 
just  as  instantly  quiescence  is  again  the  ruling  order.  Here  the 
atmosphere  is  the  active  agent,  and  to  the  law  of  contraction  and 
expansion  under  its  influences  was  due  the  movements  that  in 
December  1890  drew  the  bridge  piers  out  of  dine.  Clutched  in 
the  relentless  embrace  of  the  receding  field  they  yielded  by 
bending  (not  moving  at  the  base)  to  the  force  they  could  not 
wholly  resist,  and  just  to  the  extent  that  the  ice  had  snapped  they 
"gave."  Sloping  cut-waters  would  neither  have  averted  or 
neutralized  the  effect  upon  the  structure.  Only  piers  of  such 
massive  construction  as  by  their  vis  inertia  would  offer  sufficient 
resistance  to  the  moving  plane  as  to  cause  it  to  break  at,  against 
and  around  them  would  have  prevented  the  disturbance  that 
occurred.  The  parting  of  the  ice  field  took  place  not  on  but- 
some  distance  away  from  the  line  of  the  bridge. 

In  writing  of  the  Bay  of  Quintc  Bridge,  the  writer  said  that  a 
substructure  so  solidly  constructed  as  to  be  able  to  defy  ice  forces, 
would,  under  all  conditions  of  the  case,  render  the  undertaking  a 
"  commercial  impossibility."  The  cost  of  such  a  structure,  even 
using  cribwork  in  place  of  masonry,  would  have  been  out  of  pro- 
portion to  its  paying  ability,  or  even  from  the  local  benefits  to  be 
derived  from  it.  Differing  from  Mr.  Hannaford,  that  "cost 
should  be  no  obstacle  where  a  project  of  public  benefit"  has  to  be 
considered,  the  writer  believes  that  the  projectors  of  the  Bay  of 
Quinte  Bridge,  did  wisely  in  seeking  for  a  design  that  could  be 
carried  to  completion  within  the  limit  of  the  means  they  expected 
to  bo  able  to  command,  and  still  provide  them  a  crossing  of  the 
Bay,  safely  adapted  to  the  needs  to  be  served,  and  fairly  certain 
to  be  good  security  for  the  capital  (chiefly  borrowed  capital)  to 
be  invested. 

Traffic  estimates  warranted  the  Company  in  bonding  the 
bridge  for  an  amount  on  which  it  could  be  represented  as  reason- 
ably sure  to  make  fair  returns.  They  could  not  honestly  have- 
sought  to  borrow  on  its  credit  the  very  much  larger  amount  that 
the  mode  of  construction  advocated  by  Mr.  Hannaford  would 
have  cost. 


Contraction  of  Ice  on  Canadian  Waters.  301 

!  Mr.  Hannaford  thinks  one  illogical,  because  after  character- 
zing  the  bridge  as  a  good  structure  of  its  kind,  and  fittingly 
idapted  to  the  uses  it  is  intended  to  satisfy,  the  writer  added 
;hat  "it  is  not  of  a  kind  fitted  to  cope  with  the  ice,"  and  he  asks, 
'What  practical  use  was  there  in  constructing  it  at  all?"  The 
.vriter  answers,  that  for  all  practical  uses  the  bridge  meets  its 
requirements,  just  as  well  as  if  supported  on  stone  piers,  as 
nassive  as  those  of  the  Victoria  Bridge.  Cost,  which  Mr. 
3annaford  counts  as  of  only  secondary  moment,  was  the  turning 
Doint  in  the  case.  It  was  simply  a  question  of  bridge  or  no 
)ridge.  The  writer,  in  his  report,  prescribes  the  means  of 
guarding  the  piers  from  disturbance  in  future  winters.  Free 
hem  from  the  death  grip  of  the  ice  by  cutting  it.  The  remedy 
—"antidote" — will  be  found,  is  found,  the  writer  supposes  he 
nay  say,  effectual  and  of  light  expense,  and  is  not  a  novel  appli- 
cation in  cases  of  like  necessity.  The  bridge  not  being  of  a 
iind  fitted  to  cope  with  the  ice,  the  ice  must  not  be  allowed  to 
:ope  with  the  bridge. 

If,  where  ice  difficulties  have  to  be  encountered,  our  bridges 
nust  always,  and  only,  be  constructed  on  the  most  expensive 
ystern,  regardless  of  cost,  then  the  Engineer  has  an  easy  stereo- 
ypcd  path  in  which  to  tread,  providing  his  employers  and  a 
'  confiding  public  "  will  supply  him  all  the  money  he  may  want; 
>ut  where  the  minimum  of  cost  has  to  be  the  ruling  factor  in  the 
'commercial  possibility  "  of  the  needed  bridge,  then  he  will  have 
o  draw  on  his  own  wits  and  "reserved  powers"  to  meet  the 
jmergency.  These  latter,  were  the  conditions  under  which  the 
vork  in  debate  was  projected  and  carried  out,  and  therefore,  it 
vas  that,  after  due  investigation,  the  writer  pronounced  the 
itructure  to  be  a  fitting  one  in  its  place,  "in  design,  well  adapted 
o  the  situation,  and  in  details,  well  thought  out."  The  Bay  of 
^uinte  Bridge  reflects  credit  on  Mr.  C.  H.  Keefer,  the  Engineer 
vho  designed  it  and  saw  it  to  completion.  Proper  care  and 
vatchfulness  pre-supposed,  the  bridge  will  stand  and  prove  its 
'practical  use"  as  an  immense  trade  convenience  to  the  district 
t  serves,  while  as  far  as  yet  financially  tested,  it  seems  tolerably 
.afe  to  earn  interest  on  its  cost  also. 

Mr.  C.  H.  Keefer  said— Mr.  Hannaford,  M.  Can.  Soc.  C.  E.,  in  ^frs.pg^ence 
lis  remarks  on  the  effect  of  ice  on  the  Bay  of  Quinte  bridge  Keefer- 
luring  its  construction,  has  evidently  been  unfortunate  in  the 
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quantity  and  quality  of  the  information  he  has  received  or  he 
could  hardly  make  the  assertions  of  failure  that  he  does.     Had    ' 
the  writer  known  he  was  so  deeply  interested  in  this  particular 
work,  it  would  have  afforded  him  much  pleasure  to  have  furnished 
him  with  the  information  that  he  evidently  very  much  needed    ; 
to  properly  understand  the  case,  and  avoid  the  wrong  conclusions'  f 
he  has  reached.     Taking  his  statements  in  the  order  he  makes   ii 
them,  the  cost  of  the  bridge  was  not  $120,000,  and  a  discount  of 
nearly  fifteen  per  cent  from  these  figures  would  have  been  nearer   j 
the  mark.     The  general  depth  of  water  of  twenty  feet,  extends  !l 
from  piers  numbers  one  to  thirteen.     At  number  fourteen  the  || 
last  foundation   in  which    bearing   piles  are  used  the  depth  of 
water  is  twenty-four  feet.     The  three  remaining  piers,  numbers  \i 
fifteen,  sixteen  (the  pivot  pier)  and  seventeen  on  the  south  side 
of  the  bay  are  in  the  deeper  water  of  the  navigable  channel  and 
are  founded  on  crib-work  extending  to  the  rock  without  bearing 
piles.     At  pier  fifteen  the  depth  of  water  from  ordinary  water 
surface  to  the  rock  is  forty-three  feet.      The  rock  at  this  pier 
being  overlaid  with  a  deposit  of  silt  and  clay  about  ten  feet  in 
depth.     At  number  sixteen,  the  pivot  pier,  the  rock  is  practically 
bare  and  depth  of  water  thirty-two  feet.     At  number  seventeen, 
which  is  close  to  the  south   shore,  an  irregular  deposit  of  bose 
rock  was  removed  to  reach  rock  foundation,  at  a  depth  of  twenty- 
eight  feet.     In  saying  piers  one  to  fourteen  are  on  pile  founda- 
tions, Mr.  Hannaford  has  forgotten  to  add  that  the  piling  is  in 
each  case  properly  protected  by  cribs  of  the   same  design  aa 
those  used  in  carrying  the  load  direct,  but  instead  of  carrying 
any  part  of  the  load  due  to  masonry  and  superstructure,  are  free 
to  move  or  settle  vertically  into  the  soft  upper  stratum  of  the  I 
bed  of  the  bay,  and  being  filled  with    stone   they  protect  and ' 
stiffen  the  piling  below  the  grillage  of  timber  with  which  they 
are  capped  and  on  which  the  masonry  rests.     The  writer  does<| 
not  understand  Mr.    Hannaford's   reference   to  a   "  margin   of i 
timber"  and  "a  box  filled  with  stone"  as  describing  the  crib- 
work  enclosing  the  piling.     Mr.  Hannaford  is  right  in  saying 
that  there  were  thirty  piles  to  each  pier.     The  writer   thinks, 
however,  they  can  hardly  be  described  as  "  clusters  "  as  they  were! 
driven  at  regular  intervals,  namely,  two  feet  nine  inches  apart 
centres  on  the  line  of  the  axis  of  the  bridge,  and  three  feet  apart; 
at  right  angles  to  it.     The  masonry  of  piers  is  first-class  heavy 
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rock  faced  ashlar,  and  was  not  affected  in  the  slightest  degree  by 
the  springing  of  the  piling,  although  the  thrust  of  the  ice  field 
was  exerted,  and  only  could  be  exerted,  directly  on  the  masonry, 
and  the  strain  transmitted  through  it  to  the  piling.  As  Mr. 
Hannaford  says,  there  are  no  ice  breakers  on  the  piers,  the  ends 
being  rounded.  However,  as  they  are  battered  at  the  ends  with 
a  batter  of  two  inches  to  one  foot,  the  writer  thinks  he  can 
hardly  agree  with  him  that  they  are  ,!  almost  vertical."  No  ice 
breakers  were  used  or  intended  to  be  used,  the  conditions  being 
entirely  different  from  river  practice,  where  the  upstream  end 
of  piers  alone  require  protection  and  where  running  ice  driven  in 
masses  by  varying  currents  at  a  greater  or  less  velocity  will  if 
obstructed,  and  not  destroyed  by  properly  constructed  ice 
breakers,  not  only  threaten  the  stability  of  piers,  but  possibly 
reach  the  superstructure  itself.  On  the  other  hand,  a  lake  or 
bay  such  as  the  Bay  of  Quinte  being  almost  stagnant  water  with 
only  a  very  slight  current  in  the  channel  on  the  south  side,  the 
rest  of  the  bay  depends  on  changes  of  the  wind  and  the  force 
derived  from  them  to  produce  an  agitation  of  its  surface.  There 
is  no  running  ice  to  deal  with.  The  only  reason  for  the  use  of 
ice-breakers  would  be  with  the  object,  granting  that  a  sufficient 
amount  of  money  was  placed  under  the  control  of  the  Engineer 
for  that  purpose,  of  constructing  an  ice-proof  bridge,  in  which 
case,  in  the  writer's  opinion,  a  conical  shaped  pier  would  probably 
be  required,  as  the  ice  strains  are  from  all  and  every  direction, 
depending  on  which  way  the  combined  forces  exerted  by  the  ice 
field  in  expansion  and  contraction  may  be  applied,  and  ice- 
breakers in  every  direction  would  be  the  order  of  the  day.  The 
Bridge  Company's  resolution  about  remedying  defects  was  a 
good  sample  of  "  hasty  legislation,"  moved  when  the  excitement 
caused  by  the  bridge's  wrestle  with  one  of  the  "great  forces  in 
nature  "  was  at  its  highest,  and  before  they  knew  whether  the 
defects  existed  or  not.  The  writer  can  thoroughly  agree  with 
Mr.  Hannaford's  remark  that  Mr.  Walter  Shanly,  M.  Can.  Soc. 
C.  E.,  when  called  in  as  consulting  engineer  made  a  report  full 
of  interest  to  engineers,  and  he  is  sure  other  members  will  agree 
with  him,  that  Mr.  Shanly's  name  and  reputation  is  sufficient 
guarantee  that  we  may  profit  by  what  he  says.  Mr.  Hanna- 
ford's quotation  from  Mr.  Shanly's  report  that  the  piers  were  out 
of  line  after  the  ice  parted,  between  fifteen  and  eleven  inches  each 
pier,  is  evidently  a  mistake,  as  the  facts  were,  as  given  in  Mr. 
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Shanly's  report,  that  they  were  from  two  inches  to  a  maximum 
of  twelve  inches  out  of  the  line.  The  writer  inspected  the  bridge 
in  April  last.  There  has  never  been  any  settlement  of  the  piers 
on  pile  foundations  and  the  bridge  floor  is  as  close  to  grade  line 
as  possible.  He  failed  to  see  the  "  most  uneven  appearance  "  and] 
bad  alignment  that  struck  Mr.  Hannaford  on  his  visit  Probably, 
however,  he  may  have  been  the  victim  of  an  optical  delusion  on 
have  been  wearing  glasses  of  an  extra  high  magnifying  power. 
Mr.  Hannaford  says  "the  cracking  of  the  ice  was  caused  by  its 
contraction,  hence  at  such  a  time  the  piers  would  be  in  course  of 
being  relieved  from  ice  pressure."  But,  as  they  were  frozen 
around  at  the  time  and  immovably  fixed  in  the  ice  field  it  is 
evident  that  as  Mr.  Shanly  says,  as  the  "ice  moves,  it  moves, 
must  move."  Fortunately  in  this  case  the  only  movement  pos- 
sible was  a  springing  of  the  piling,  which,  as  the  piles  were  in 
some  cases  nearly  sixty  feet  in  length  and  passed  through  a  silt 
deposit  below  the  cribs  protecting  them,  and  which  as  the  work 
was  in  an  unfinished  state,  had  not  been  consolidated  as  has  since 
been  done  by  gravel  filling  around  the  piers.  It  was  not  at  all 
surprising,  as  it  can  readily  be  seen,  that  a  very  slight  bend  or 
spring  in  a  pile  (securely  anchored  in  its  holding  ground)  at  a 
point  probably  thirty  feet  below  the  point  of  application  of  ice 
strains  would  produce  a  considerable  change  in  direction  at  the 
level  of  roadway  which  might  be  forty  feet  above  the  point  at 
which  bonding  took  place,  and  produce  the  variation  in  align- 
ment which  was  the  result,  namely,  two  to  twelve  inches. 

The  comparison  which  Mr.  Hannaford  kindly  makes  of  the 
Bay  of  Quinte  bridge,  an  ordinary  highway  bridge,  which  could 
only  be  built  for  the  most  reasonable  amount  consistent  with 
safety,  and  as  a  dividend  earning  investment,  with  the  Victoria 
and  International  bridges,  is  as  wide  of  the  mark  as  were  the 
financial  and  engineering  conditions  under  which  they  were 
built. 

Mr.  Hannaford's  assumption  that  the  Bay  of  Quinte  bridge 
was  a  similar  structure  to  Bice  Lake  bridge  is  entirely  wrong, 
In  the  case  of  the  Bice  Lake  bridge,  as  the  writer  understands  it. 
the  main  part  of  the  structure  was  simply  pile  trestle  without 
protection  for  the  piling  on  which  the  ice  acted  directly  both  by 
its  expansive  and  contractive  as  well  as  by  its  lifting  power  ten- 
ding to  draw  as  well  as  spriDg  it.     The  writer  trusts  Mr.  Hanna- 
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ford  will  favor  the  Society  with  the  precise  formula  he  gives  us 
to  understand  he  possesses  for  calculating  the  effects  of  ice  in 
expansion  and  contraction  in  similar  cases.  He  would  confer  a 
lasting  obligation  on  the  profession  at  large  by  doing  so.  Mr. 
Hannaford  thinks  that  the  writer's  experience  is  very  similar  to 
that  of  Mr.  Dumble  at  Eice  Lake;  that  is,  he  compares  a  pile 
trestle  which  failed  to  a  bridge  which  did  not.  The  forces  at 
work  are  similar,  but  only  ignorance  of  facts  can  excuse  his 
statement  that  the  Bay  of  Quinte  bridge  is  a  failure.  He  evi- 
dently from  the  tone  of  his  remarks  considers  that  it  did  not  cost 
enough,  and  the  writer  must  acknowledge  that  ho  tried  to  the 
best  of  his  ability,  as  a  matter  of  professional  duty,  to  solve  the 
problem  he  had  before  him,  of  building  a  good  bridge  for  the 
least  amount  of  money  so  that  the  shareholders,  as  well  as  the 
public,  might  derive  some  benefit  from  it,  as  well  as  to  render 
possible  its  construction.  He  may  fairly  claim  he  has  built  the 
bridge  on  those  lines  and  that  it  is  to-day  in  good  and  safe  con- 
dition, and  able  to  stand  up  for  itself  for,  he  trusts,  many  years 
to  come.  The  writer  has  had  difficulties  to  encounter  in  con- 
struction, and  that  of  ice  was  the  greatest,  but  he  does  not  know 
of  any  work  where  troubles  may  not  come  which  it  is  part  of 
our  duty  to  cope  with  and  overcome  to  the  best  of  our  ability. 

The  writer  may  say  that  the  Bay  of  Quinte  bridge  has  proved 
successful  in  every  way  and  has.  as  Mr.  Shanly  predicted,  made 
a  good  return  already  to  the  shareholders  on  its  cost ;  as  in  the 
first  eight  months  of  its  operation  it  has  earned  enough  to  pay 
working  expenses,  interest  on  its  borrowed  capital,  a  dividend  of 
four  and  a  half  per  cent  to  the  shareholders  and  placed  about 
five  hundred  dollars  to  rest  account  to  meet  contingencies.  The 
Secretary  of  the  bridge  Company  writes  him  on  the  2nd  instant, 
as  follows  :  "The  result  of  the  eight  months  during  which  bridge 
has  been  in  operation  was  quite  satisfactory  to  the  shareholders, 
and  we  hope  another  season  to  show  still  better  returns.  So  far 
this  winter  there  has  not  been  a  day  that  it  did  not  more  than 
pay  expenses  of  attendance,  keeping  ice  cut,  etc."  As  in  the 
winter  the  ice  affords  a  free  natural  bridge  it  was  not  expected 
the  earnings  of  the  bridge  when  in  competition  Avith  it  would 
cover  expenses,  and  the  writer  is  glad  to  learn  that  the  Company 
have  been  agreeably  disappointed.  He  has  had  for  some  time 
plans  prepared  of  the  Bay  of  Quinte  bridge  to  submit  with  a 
descriptive  account  of  its  construction  to  the  Society,  and  regrets 
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that  he  has  been  unable  before  this  to  carry  out  his  original  in- 
tention. 
Mr.  j.  h.  Mj\  .1 .  II.  Dumble  said — He  was  gratified  that  his  paper  has  been 
Dumble.  gQ  ^j^  ^cussed  b}'  eminent  engineers,  and  in  replying  briefly 
in  order  would  sajT  that  the  Belleville  bridge,  built  by  Mr.  Keefer, 
crosses  in  winter  an  ice  field  very  similar  to  that  of  Eice  Lake, 
although,  perhaps,  not  so  extensive.  The  old  Truss  bridge  on 
Rice  Lake  was  of  about  equal  length  to  that  of  Belleville,  and 
that  similar  disturbance  from  the  expansion  and  contraction  of 
the  ice  must  always  be  anticipated. 

Mr.  Barnett  refers  to  an  old  paper  by  Mr.  Thomas  Curtis 
Clarke  to  the  Canadian  Institute  which  gives  a  very  correct  and 
graphic  account  of  the  action  of  ice  on  the  railway  bridge  a^Rice 
Lake,  and  to  which  the  author  will  subsequently  refer.  Mr. 
Barnett  also  gives  the  results  of  Mr.  Andrews'  experiments  on  a 
block  of  artificial  ice,  in  which  it  appeared  that  the  expansion 
was  41 J  inches  to  the  mile  against  Mr.  Dumble's  16  inches,  "  and 
thinks  the  difference  will  be  in  part  due  to  the  variation  of  his 
measuring  rod,  but  more  largely  due  to  the  influence  of  the 
higher  temperature  of  the  water  in  which  the  test  piece  floated." 

There  is  no  doubt  that  an  allowance  must  be  made  for  the  rod, 
but  the  difference  in  temperature  of  the  underlying  water  (if 
any)  must  be  inconsiderable.  Mr.  Barnett,  however,  overlooks 
the  fact  referred  to  by  Mr.  Irwin  that  the  conditions  under  which 
the  experiments  were  made  were  very  different.  In  the  one  case 
the  block  of  ice  was  subjected  to  cold  and  freezing  mixtures,  and 
in  the  other  to  water  of  a  uniform  temperature,  or  rather  that 
the  block  of  ice  showed  the  contraction  out  of  water  and  the  sur- 
face ice  the  contraction  while  floating  in  water. 

Mr.  Sproule  refers  to  the  rising  of  the  water  after  the  ice  takes 
as  a  probable  cause  of  expansion.  The  water,  however,  does  not 
rise  in  Rice  Lake  at  that  time  of  the  year  and  cannot  possibly 
be  considered  in  the  matter. 

Mr.  MacPherson  mentions  the  fact  that  the  Trestle  bridges 
across  water  under  his  charge  are  not  affected  by  the  winter  ice. 
If  these  waters  are  extensive,  the  immunity  from  ice  shoves  can 
only  be  explained  by  the  circumstance  that  snow  possibly  falls 
earlier  in  the  season  in  that  region,  and  prevents  movement. 
The  suggestion  of  the  possibility  of  thin  ice,  or  open  water  near 


Contraction  of  Ice  on  Canadian   Waters.  307 

the  Eice  Lake  bridge  and  on  one  side  of  it,  or  of  winds,  or  cur- 
rents, acting  separately  or  together,  causing  ice  shoves,  is  unten- 
able, as  such  phenomena  do  not  exist  there  in  winter. 

Professor  Xicolson  says  truly  that  the  writer  only  measured 
the  difference  between  the  contraction  of  the  pine  rod  and  the 
ice,  and  he  regrets  he  cannot  state  the  exact  contraction  and 
expansion  of  ice  per  mile.  While  shoves  of  three  and  four  feet  in 
width  are  frequently  observed  in  the  lake,  it  is  difficult  to 
accurately  locate  the  centre  of  movement,  and  the  radius  of 
expansion. 

Mr.  Thomas  Curtis  Clarke  wisely  disclaims  any  responsibility 
in  connection  with  the  Eice  Lake  Bridge,  and  says  he  has  care- 
fully watched  the  effect  of  the  ice  on  it.  He  states  in  his  paper 
referred  to  by  Mr.  Barnett,  "  That  it  was  predicted  by  many 
persons,  previous  to  commencing  the  undertaking,  that  no  struc- 
ture could  possibly  be  built  which  would  resist  the  power  of  the 
ice  on  Eice  Lake,  and  that  to  these  evil  forebodings  it  was  replied 
that  it  was  not  supposed  that  a  pile  bridge  could  sustain  the 
thrust  of  the  ice,  etc.,  but  it  would  serve  to  carry  the  trains  until 
it  would  be  filled  in  as  a  solid  embankment." 

The  author's  reply  to  this  is,  that  the  bridge  was  too  costly  and 
substantial  for  a  temporary  structure,  and  too  weak  and  ill  planned 
for  a  permanent  one.  More  gross  blundering  or  ignorance  was 
never  exhibited  by  professional  men.  Mr.  Clarke  further  says, 
that  the  use  of  ice  breaker  cribs  used  in  sufficient  numbers,  as  has 
been  done  in  the  bridge  at  Belleville,  would  have  prevented  the 
trouble.  This  may  be  applicable  to  the  trussed  portion  of  the 
bridge,  but  from  the  author's  experience  in  the  matter,  sufficient 
numbers  of  cribs  to  protect  the  pile  bridge  would  have  almost 
necessarily  touched  each  other,  making  the  cost  exceed  that  of 
an  embankment. 

Mr.  Clarke  is  pleased  to  say  that  the  conclusions  drawn  by  the 
author  in  his  paper  are  not  reliable,  and  for  the  reason  given 
by  Mr.  Barnett. 

If  the  reason  mentioned,  is  the  apparent  discrepancy  in  the 
measurement  of  the  contraction  of  ice  under  different  circum- 
stances, as  stated  by  him  and  Mr.  Irwin,  it  will,  the  author  thinks, 
on  consideration,  appear  that  it  is  the  reason  that  is  not  reliable, 
and  not  his  conclusions. 

The  paper  which  has  created  this  discussion  and  the  conclu- 
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sions  in  which  Mr.  Clarke  thinks  are  not  reliable,  contains  the 
observations,  and  somewhat  crude  experiments  of  the  writer 
when  an  enthusiastic  young  man  in  pursuit  of  knowledge  of 
a  subject  of  which  he  had  a  painful  professional  experience,  and 
which  could  not  have  been  found  in  the  books. 

He  trusts  that  the  "  Modern  Engineer  "  may  more  successfully 
pursue  the  investigation  of  this  very  interesting,  and  to  him, 
especially  important  subject,  The  Expansion  and  Contraction  of 
Ice  on  Canadian  "Waters. 


Thursday,  17th  December. 

E.  E.  HANNAEORD,  Vice-President,  in  the  Chair. 

The  discussion  on  Mr.  Bumble's  paper  on  "  The  Contraction 
and  Expansion  of  Ice  on  Canadian  Waters,"  and  on  Mr.  H.  J 
Cambie's  paper  on  "  The   Eraser  River  Bridge"    occupied  the    I 
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Thursday,  29th  December. 
JOHN  KENNEDY,  yice-President,  in  the  Chair. 
*aper  iVo.  5S. 

SHIP    TEANSPOETATION. 
By  H.  G.  C.  Ketchum,  M.  Can.  Soc.  C.  E. 

Ship  transport,  in  some  form  or  other,  has  been  practised  for 
ges,  even  before  the  Christian  era.  The  first  example  we  have 
n  record  is  that  of  the  Diolcus  of  Corinth.  Some  excavations 
ecently  made  on  the  Isthmus  of  Corinth  exposed  to  view 
emains  of  this  ancient  Diolcus.  It  was  a  means  for  land 
arriage  of  ships  of  that  period  from  the  harbour  of  Schsenus  to 
he  eastern  extremity  of  Port  Lechceum.  Ships  were  run  ashore 
nd  dragged  from  one  sea  to  the  other.  The  derivation  of  the 
7ord  Diolcus  is  from  the  Greek  verb  '  to  drag.'  The  work 
xisted  in  the  time  of  Aristophanes  427  B.C.  and  is  said  to  have 
een  in  operation  300  years.  The  site  of  Schoenus  is  now  called 
Jocosi.  This  ship  road  is  thus  described  in  the  Lexicon  of 
!ornelius  Schrievelius  Aw\xosr  (Diolcos) :  "  Tractatus  in  Isthmo 

Corinthiaco  ubi  naves  ex  Ionio  in  (Egceum  et  vicissum  trahebantur  " 
-"  A  track  on  the  Corinthian  Isthmus  where  ships  were  hauled 

out  of  the  Ionian  into  the  QEgoean  Sea  and  neighbourhood."  It 
ras  such  a  great  advantage  to  commerce  (owing  to  the  difficulty 
f  weathering  Cape  Maloea)  that  Corinth  became,  by  its  means,  the 
mporium  of  trade  between  Italy  and  Asia.  The  size  of  the  ships 
arried  is  said  to  be  about  119  feet  long,  18  feet  wide,  with  a 
raught  of  8i  feet.  It  is  said  that  this]  method  of  ship  transport 
•as  practised  by  the  Greek  Admiral  Nicetas  Ooryfas  in  the  year 
31  in  order  to  enable  him  to  attack  the  Arabian  Corsairs  who 
rere  then  devastating  the  coasts  of  the  Peloponesus. 

In  1438  the  Venetians  carried  a  fleet  of  thirty  galleys  overland 
:om  the  Eiver  Adige  to  Lake  Garda,  a  distance  of  200  miles,  the 
lotive  power  being  oxen,  assisted  on  the  mountains  by  wind- 
isses.     One   thousand   oxen   are  said  to  have  been  employed. 
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This  herculean  enterprise  was  proposed  by  Blasio  de  Arboribus  ! 
and  Nicolo  Sorbolo  and  was  successfully  carried  out  with  the  loss 
of  but  one  vessel. 

In  1453,  at  the  siege  of  Constantinople,  Soleiman  Pacha  trans-  | 
ferred  his  fleet  by  land  into  the  Gulf  of  the  Golden  Horn  by  tim-  (if 
ber  ways,  greased  and  laid  on  trestles  and  staging.  The  feat  was  i 
carried  out  in  order  to  avoid  a  huge  chain  laid  across  the  Helles- 
pont, which  presented  an  impassable  barrier  to  the  entrance  of  j, 
his  fleet  by  water.  This  coup  de  guerre  was  accomplished  in  a  {I 
single  night.  The  vessels  were  dragged  over  two  miles,  so,  on  ii 
the  morning  of  22nd  April,  1453,  the  astonished  inhabitants  saw 
a  large  fleet  lying  close  under  their  walls,  and  capitulated. 

In  1718  Count  Emanuel  Swedenborg  conveyed  a  shallop,  twojj 
galleys  and  four  large  boats  five  leagues  over  mountains  and 
valleys  from  Stromstadt  to  Idefjal,  in  Sweden.     Swedenborg.  the 
founder  of  the  Swedenborgian  religion  was  ennobled  on  account* 
of  his  invention,  which  is  described  as  '  a  sort  of  rolling  machine." 
It  was  also  used  by  Charles  XII.  to  transport  cannon  to  thesiegeij 
of  Frederickshall. 

All  these  examples  of  ship  transportation  overland  were  under-jj 
taken  and  carried  out  principally  for  warlike  enterprises. 

Coming   nearer  our  own    time,  we    have  the   example  of  all 
Portage  railway,  fifty  years  ago,  from  Holidaysburg  to  Johns-1 
town,  Pennsylvania,  where  canal  boats  were  carried  in  sections!: 
thirty  miles  from  one  canal  to  another,  before  the  Pennsylvania  I, 
Central  Eailroad  was  opened.     The  Portage  Railway  was  con- 
structed  to  connect  the  canal  system  of  Eastern  and  "Westerrl 
Pennsylvania.     It  was  a  system  of  "  gravity  railways,"  with  tei 
inclined  planes,  and  up  and  down  these  steep  inclines  the  larg< 
boats  of  the  "  Pioneer  Packet  Line  "  made  regular  trips  until  th« 
Pennsylvania  Eailroad  was  built,  when  it  ceased  to  be  operated 

There  was  another  of  similar  construction  on  the  Morris  an( 
Essex  Canal,  in  the  State  of  New  Jersey. 

In  Cornwall,  England,  between  Bude  and  Launceston,  the  Budi 
Canal  has  existed  since  1826.  At  Hobbacote  Downs  the  canal 
boats,  which  are  furnished  with  small  iron  wheels,  ascend  the  uf 
lands  by  an  inclined  plane  000  feet  long,  provided  with  two  line 
of  rails  terminating  at  each  end  in  the  canals.  The  iron  wheel 
fit  the  rails  and  the  boats  are  raised  by  an  endless  chain  move 
by  two  vast  tanks  alternately  filled  with  water  and  descend  in 
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nto  wells  220  foot  deep.  There  are  seven  of  these  inclined  planes 
jn  operation  on  the  Bude  Canal. 

In  Germany  vessels  of  sixty  tons  capacity  are  carried  overland 
torn  the  upper  to  the  lower  part  of  the  Elbing-Oberland  Canal, 
n  West  Prussia.  This  transport  system  has  been  in  successful 
tperation  for  over  twenty  years,  but  when  the  idea  was  first 
>roached  it  was  ridiculed  by  everybody. 

In  18G0  Sir  James  Bruhlees  and  the  late  Mr.  E.  B.  Webb  pro- 
posed to  the  Emperor  Napoleon  III.  a  ship  railway  across  the 
"sthmus  of  Suez  in  lieu  of  the  present  ship  canal.  Marshal  Vail- 
lant,  Minister  of  War  for  the  Emperor,  referred  the  matter  toM. 
|le  Lesseps,who  rejected  the  idea.  Amongst  the  advantages  men- 
tioned in  favour  of  the  proposed  Suez  Ship  Railway  was  the  con- 
venience with  which  the  ship's  hulls  could  be  examined  whilst  on 
,heir  cradles  during  the  passage  from  sea  to  sea.  The  railway 
was  to  have  been  level  throughout.  The  ships  wTere  to  be  sup- 
ported on  a  framing  of  iron  resting  on  numerous  wheels  and 
springs,  these,  again,  on  ten  rails.  The  speed  was  to  have  been 
twenty  miles  an  hour,  and  the  estimate  of  cost  was  one-seventh 
that  of  a  ship  canal.  The  passage  from  the  Mediterranean  into 
the  Bed  Sea  was  to  have  been  made  in  16  hours.  The  speed  of 
steam  vessels  in  the  present  canal  is  reduced  to  about  2-t  miles  an 
hour. 

The  Hydraulic  Lift  invented  by  Mr.  Edwin  Clark,  M.  Inst.  C. 
E,  was  proposed  to  be  used  for  the  first  time  by  Sir  James  Brun- 
lees  as  the  means  to  be  employed  for  raising  and  lowering 
vessels  at  each  terminus  of  the  proposed  Suez  Ship  Bailway. 

This  invention,  first  carried  out  at  the  Victoria  Docks, 
London,  renders  it  possible  to  construct  Ship  Railways  any- 
where on  the  globe  where  canals  have  been  projected.  The 
author  will  have  the  pleasure  of  e.\hibiting  a  model  of  the 
ship  lift  this  evening  by  which  it  will  be  plainly  demon- 
strated that  by  its  means,  not  only  ships  can  be  lifted  out  of 
their  natural  element,  but  that  anywhere  on  dry  land,  physical 
difficulties,  hills  and  valleys  may  be  overcome  by  the  use  of  the 
Hydraulic  Lift,  thus  avoiding  heavy  gradients  and  obtaining 
shorter  lines  than  would  be  possible  under  any  other  contrivance 

An  hydraulic  lift  can  be  used  to  lift  vessels  on  land  as  well  as 
from  the  sea.  It  only  requires  a  water  supply  sufficient  to  feed 
the  engines.      The  water  used  in  the  presses  can  be  supplied 
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from  a  separate  tank,  which  once  filled  is  a  sufficient  supply  for 
a  very  long  time  by  re-using  the  water  which  is  all  the  better 
for  a  little  mixture  of  grease  and  oil. 

By  the  use  of  the  hydraulic  lift  to  surmount  differences  of  level, 
and  a  simple  Turntable  to  change  direction,  it  is  easy  to  build 
Ship  Railways  anywhere. 

It  was  owing  to  a  suggestion  of  Mr.  Edwin  Clark,  in  his  paper 
read  before  the  Institution  of  Civil  Engineers  in  1866,  that  the 
author  turned  his  attention  to  the  possibility  of  largely  cheapen- 
ing the  construction  of  the  Baio  Verte  Canal  by  using  the 
Hydraulic  Ship  Lift,  with  boat  shaped  pontoons  to  convey  large 
draught  vessels  on  a  shallow  canal.  •  The  first  plan  for  a  canal 
wa<  to  have  a  depth  of  only  four  feet,  the  next  plan  was  for  eight 
feet.  When  Captain  Crawley,  B.E.,  proposed  nine  feet  of  water 
on  the  sills  of  the  canal  locks,  he  declared  it  to  be  impracticable 
owing  to  the  deficiency  of  a  fresh  water  supply,  and  he  objected 
to  the  use  of  the  Bay  of  Fundy  water,  owing  to  its  turbid  nature. 
The  clear  water  of  Baie  Verte  could  not  be  used  owing  to  its 
lower  level,  which,  without  being  pumped  to  the  height  required 
to  supply  the  deficiency,  could  not  be  made  available.  The 
author  thought,  that  with  such  a  working  depth  as  the  fresh 
water  obtainable  would  supply,  it  would  be  a  great  advantage 
to  adopt  Mr.  Clark's  suggestion  (vide  Minutes  Inst.  C.  E.  Vol. 
XXV.  page  309)  :  "  This  system,"  he  said,  "  affords  ready 
"  means,  by  the  construction  of  a  shallow  canal  of  transporting 
"  the  largest  vessels  in  cargo,  either  across  an  isthmus  or  over 
"  river  shallows  ;  and  of  removing  vessels  of  war  inland,  either 
"  for  their  protection,  or  for  their  employment  as  a  means  of 
"  internal  defense." 

The  author  found  a  difficulty  in  working  out  tbe  problem  at 
the  Bay  of  Fundy  without  using  some  sort  of  a  railway  to  transfer 
these  pontoons  from  the  Ship  Lift  to  the  proposed  shallow  canal. 
This  idea  led  to  the  present  Ship  Railway  in  construction  at 
Chignecto.  It  became  apparent  that  vessels  might  as  well  be 
lifted  to  the  surface  of  the  ground  and  hauled  across  the  neck 
of  land  on  steel  rails,  thus  avoiding  all  the  question  of  water 
supply  and  its  various  perplexities  in  this  particular  locality. 
It  occurs  to  the  author  that  such  a  scheme  might  be  used  in  all 
the  canals  of  Canada,  to  convey  vessels  having  any  draught, 
say   up  to   twenty  feet.       There   is   no   necessity  of  deepening 
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the  existing  canals  at  immense  expense  when  by  using  pon- 
toons you  may  so  easily  and  safely  convey  ocean  vessels  of  20 
feet  draught  and  more  through  the  present  canals.  All  it 
requires  is  a  lift  at  or  near  each  terminus  at  a  convenient  place 
whore  the  water  is  deep  enough  for  the  purpose.  The  pontoon 
should  be  open  at  the  top  and  provided  with  blocking  gear  to 
receive  the  vessel  on  the  Hydraulic  Lift.  When  lifted  the 
pontoon  can  be  towed  away  with  the  vessel  upon  it  to  the  other 
end  of  the  canal,  in  the  vicinity  of  which  another  lift  would  be 
erected,  and  ready  to  receive  the  vessel  and  release  her  from  the 
pontoon,  when  she  could  continue  her  voyage  to  her  destination. 
The  simplicity  and  economy  of  this  method  is  beyond  question. 

The  hydraulic  Lifts  could  also  be  utilized  as  Graving  Docks  for 
all  sorts  of  Lake  craft.  With  proper  precautions  to  preserve  the 
pipes  from  frost,  as  proposed  to  be  used  at  Amherst,  N.S.,  on  the 
Chignecto  Ship  Railway,  there  is  no  danger  of  damage  from  this 
cause,  or  from  ice  if  properly  situated  and  protected.  The  sys- 
tem of  pontoon  floating  may  also  be  applied  to  the  River  Shallows 
of  the  St.  Lawrence  in  many  places.  The  pontoons,  which  may 
be  called  "  steel  rafts,"  would  draw  from  six  to  eight  feet  water 
according  to  their  size  and  the  load  of  vessel  carried  upon  them. 
They  are  largely  used  at  Malta  in  the  Mediterranean  for  vessels 
of  3,000  tons  in  cargo. 

In  1872  a  remarkable  Ship  Railway  was  proposed  by  the  Re- 
public of  Honduras  across  its  territory  from  Puerto  Caballos  on 
the  Atlantic  Ocean  to  the  Bay  of  Fonseca  on  the  Pacific  Ocean, 
about  half  way  between  the  Panama  canal  of  M.  de  Lesseps  and 
Captain  Eads'  Ship  Railway  on  the  Isthmus  of  Tehuantepec.  It 
was  intended  to  adapt  the  Interoceanic  Railway,  then  under  con- 
struction by  the  Republic,  for  the  purpose  of  a  Ship  Railway.  It 
was  to  carry  1,200  tons  and  would  doubtless  have  been  carried 
out  if  the  Republic  could  have  found  the  money,  which  they 
failed  to  do. 

Later  on  Sir  John  Fowler  prepared  plans  for  a  Ship  Railway 
for  the  Khedive  of  Egypt  to  overcome  the  cataracts  of  the  Nile. 

Then  the  Tehuantepec  Ship  Railway,  the  huge  enterprise  of 
Mr.  Eads,  the  engineer  of  St.  Louis  Bridge  and  Mississippi 
Jetties,  was  projected  and  a  concession  obtained  by  him  from  the 
Mexican  Government. 
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This  Ship  Eailway  project  is  still  alive.  It  will  be  about  130 
miles  long  and  will  connect  the  Gulf  of  Mexico  with  the  Pacific 
Ocean.  The  gradients  are  to  be  50  feet  to  the  mile.  The 
elaborate  investigation  into  the  merits  of  this  great  work,  which 
took  place  before  a  committee  of  the  United  States  Senate 
brought  forward  an  amount  of  evidence  of  experts  in  ship  build- 
ing which  ought  to  silence  forever  any  objections  that  might  be 
raised  against  Ship  Eailways  in  general  as  to  the  liability  to  un- 
duly strain  vessels  during  their  transport  from  sea  to  sea.  Mr. 
Eads  and  his  able  coadjutor,  Mr.  Corthell,  have  done  valuable 
work  in  the  cause  of  Ship  Eailways,  by  spreading  abroad  their 
views  and  disseminating  the  evidence  given  before  the  committee 
of  Congress.  The  projectors  of  all  Ship  Eailways  will  be  greatly 
indebted  to  Mr.  Corthell  for  so  clearly  setting  forth  the  economy 
to  be  gained  by  the  introduction  of  Ship  Eailways  in  his  paper 
on  •''  Canals  and  Eailroads,  Ship  Canals  and  Ship  Eailways," 
read  at  the  Convention  of  the  American  Society  of  Civil 
Engineers,  June  25th,  1885. 

The  conclusions  derivable  from  Mr.  Corthell's  valuable  paper 
are  "  that  a  canal  cannot  compete  in  speed  or  economy  or  facili- 
ties with  a  railroad ;  and  that  a  Ship  Canal  must  also  be  much 
more  expensive  than  a  Ship  Eailway  in  first  cost,  maintenance 
and  operatiou,  and  much  inferior  to  it  in  dispatch  facilities  and 
conveniences." 

He  says  :  "  The  cost  on  the  best  railroads  is  three  mills  per 
ton  per  mile  for  through  freight." 

Deducting  irrelevant  items,  such  as  do  not  pertain  to  a  Ship 
Eailway,  the  cost  can  be  properly  reduced  to  one  and  a  half  mills- 
But  he  also  maintains  that  the  cost  can  be  reduced  on  Ship  Eail- 
ways to  one  mill  per  ton  per  mile,  because  much  larger  loads  are 
carried. 

'The  ratio  of  paying  to  non-paying  loads  is  greater,'  'The 
frictional  resistance  to  the  motive  power  is  reduced,'  '  The  Line 
of  Eailway  is  straight,'  '  The  Track  perfect,'  '  The  Gradients,  if 
any,  very  easy,'  '  Greater  results  are  obtained  with  less  fuel  and 
service.' 

Detailed  plans  of  a  Steamboat  Eailway  on  the  Dalles  of  the 
Columbia  River,  Oregon,  have  been  submitted  to  the  Secretary 
of  State  for  war,  U.S.A.,  and  General  Casey,  Chief  of  Engineers, 
U.  S.  Army,  in  forwarding  his  report  to  the  Secretary  of  War 
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pronounced  it  feasible  and  the  best  solution  of  the  problem 
presented  !  A  Ship  Railway  has  also  been  proposed  across  the 
Peninsula  of  Florida. 

Torpedo  boats  35  metres  in  length  have  been  transported  from 
Brest  to  Toulon,  France,  on  an  ordinary  railway,  on  five  specially 
adapted  luggage  trucks.  In  fact,  Ship  Eailwaj^s  ma}'  be  largely 
used  in  war  to  transfer  even  ironclads  from  one  sea  to  another 
and  even  into  the  interior   of  a   country. 

The  author  will  now  turn  your  attention  in  general  terms  to 
his  own  project  of  the  Chignecto  Ship  Eailway — 17  miles  long,  to 
carry  vessels  of  1000  tons  register  with  cargoes,  total  2,000  tons 
weight.  At  the  time  it  was  conceived  he  had  not  the  most 
remote  idea  of  its  ever  being  brought  to  its  present  6tage  of  com- 
pletion, and  it  was  not  until  Sir  Charles  Tupper  took  hold  of  it 
that  there  seemed  any  probability  of  its  being  carried  out.  It  was 
Sir  Charles  Tupper  who  gave  it  life  and  prevented  the  project 
from  being  crushed  beneath  the  weight  of  ridicule  and  incredulity 
which  assails  any  great  work  of  a  novel  description.  The 
declaration  of  your  Ex-president,  Mr.  Thomas  C.  Keefer,  C.M.G., 
that  a  Ship  Eailway  was  the  only  feasible  method  of  overcoming 
the  obstacle  to  commerce  presented  by  the  Isthmus  of  Chignecto 
was  also  of  powerful  influence  in  support  of  the  scheme  in  its 
early  stages. 

The  first  essential  of  a  Ship  Eailway  is  to  have  good  ports  at 
each  terminus,  not  only  to  enable  vessels  of  the  maximum  depth 
to  enter  with  ease,  but  also  to  provide  a  receptacle  or  basin  tOr 
them  to  lay  in  quiet  water,  so  they  may  take  their  turn  to  be 
floated  over  the  Grid  of  the  Lifting  Dock,  otherwise  in  any  great 
breeze  of  wind,  it  would  be  difficult  to  insert  the  blocks  properly 
under  the  bilges  of  the  vessels  whilst  they  are  about  to  be  lifted 
from  the  water  to  the  level  of  the  Eailway. 

A  few  remarks  now  about  Hydraulic  Lifts  and  the  strains  on 
vessels  will  conclude  this  paper,  which  is  an  introduction  to 
another  paper  on  the  "  Chignecto  Ship  Eailway,  the  substitute 
of  the  Baie  Yerte  Canal,"  which  will  be  read  this  evening. 

The  present  paper  is  a  proper  prelude  as  illustrating  the  many 
steps  leading  up  to  the  Chignecto  undertaking,  whereby  Canada 
will  be  the  first  country  to  actually  inaugurate  this  new  and 
economical  system  of  ship  transportation  for  steamers  and  large 
sized  vessels. 
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The  Hydraulic  Lift  Graving  Dock  at  the  Victoria  Docks,  Lon- 
don, has  been  in  operation  nearly  thirty  years  and  has  lifted  about 
four  thousand  vessels  with  perfect  safety.  It  is  300  feet  long 
and  sixty  feet  wide;  it  can  lift  a  vessel  of  3,000  tons  weight. 
The  successful  operation  of  this  first  experiment  of  the  kind  led 
to  the  construction  of  others  in  different  parts  of  the  world. 

In  1876,  the  Clarence  Lifting  Dock  at  Malta  was  another  great 
success.  It  was  the  first  to  lift  vessels  in  cargo.  Ships  coming 
through  the  Suez  Canal  stop  here  when  they  require  repairs 
and  these  repairs  are  made  without  disturbing  the  cargo.  In 
August,  1886,  the  ship  "Glenasteg"  of  2,143  tons  gross  register 
was  lifted  with  2,000  tons  of  cargo,  and  many  other  examples 
can  be  given. 

Another  Hydraulic  Ship  lift  was  erected  at  Bombay,  now 
owned  by  the  Peninsula  and  Oriental  S.  S.  Company,  which  lifts 
vessels  of  5,000  tons  register. 

There  is  no  Hydraulic  Lift  that  the  author  has  heard  of  in 
America  excepting  one  at  San  Francisco.  Here  vessels  are 
placed  and  blocked  directly  on  the  grid  without  the  intervention 
of  pontoons.  All  the  othei  s  named  have  used  open  pontoons,  for 
the  purpose  of  floating  vessels  away  to  another  place  to  undergo 
repairs.  Any  number  of  pontoons  may  be  employed  to  multiply 
the  uses  of  the  dock.  Without  their  aid  (as  in  the  case  of  the 
San  Francisco  dock)  one  vessel  only  at  a  time  can  undergo  repairs 

An  Hydraulic  Lift  is  in  use  at  Anderton,  Cheshire,  where  one 
press  lifts  a  trough  of  water  fifty-five  feet  high,  from  the  Eiver 
Weaver  to  the  level  of  the  Trent  and  Mersey  Canal. 

Many  persons  thought  a  water  cradle  or  a  trough  of  water 
would  be  necessary  to  carry  vessels  on  a  railway.  A  little  study 
will  prove  the  contrary.  One  vessel  would  then  be  inside  of 
another  one,  really  weaker  in  construction,  as  the  outer  vessel 
could  not  very  well  have  cross  beams  like  the  one  to  be  carried, 
and  it  is  also  carrying  double  the  load. 

Mr.  W.  M.  Smith,  M.  Inst.  C.  E.  of  Aberdeen,  has  patented  a 
Ship  Cradle  with  hydraulic  cushions — "a  series  of  plain 
"  tubes  of  india  rubber  and  canvas  filled  with  water,  and  placed 
"  side  by  side  athwart  the  ship  from  stem  to  stern,  the  open  ends  of 
"  each  tube  on  a  level  with  the  deck  and  the  middle  of  the  tubes 
"  bent  underneath  the  ship's  bottom,  and  resting  on  the  car." 

The  idea  is  ingenious,  and  time  will  show  whether  it  ought  to 
be  adopted.   It  is  desirable  not  to  set  up  any  oscillating  motion  to 
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prevent  the  undue  di>tril  ution  of  the  weight  of  vessels  and  cargo 
whileon  the  cradle.  The  inventor  claims  that  the  vessels  would  he 
as  good  as  water  borne,  but  if  oscillation  should  be  in  any  way- 
caused  by  this  mode,  the  advantage  of  a  merely  soft  cushion 
would  be  neutralized  by  this  defect,  and  it  would  be  better 
to  stick  to  proved  methods  of  blocking  in  the  first  instance. 
Sir  Edward  J.  Eeed,  K.  C.  B.,  late  Chief  Constructor  in  the 
British  Navy,  in  his  evidence  before  the  Committee  on  Commerce 
before  mentioned,  said  : — 

"  I  should  like  to  say  at  first  that,  as  a  naval  constructor,  I 
have  no  fear  whatever  of  a  ship  undergoing  any  strain  in  the 
process  of  lifting  out  of  the  water  (as  would  be  necessary  in  the 
case  of  a  ship  railway)  that  she  is  not  liable  to  at  present  in 
ordinary  docking.  I  would  say,  further,  that  1  am  quite  sure 
that  the  processes  of  ordinary  docking  carried  on  in  a  vast  num- 
ber of  private  establishments  are  v^vy  negligent  and  insufficient 
in  comparison  with  those  which  would  be  adopted  in  the  case  of 
the  hydraulic  lifts  connected  with  the  proposed  ship  railway. 

"  The}'  seem  to  think  there  are  no  vibrations  or  jerking,  or 
forces  of  some  kind  the  ship  would  be  subjected  to  on  the  railway 
that  she  is  not  subjectc  I  to  at  sea.  That  feeling.  I  know,  is  a 
pretty  general  one.  I  can  only  attribute  it  to  the  fact  that  the 
gentlemen  who  so  think  are  not  acquainted  with  the  strains  that 
ships  undergo  at  sea. 

"  The  next  thing  I  would  say  is  that  we  have  ships  on  railways 
and  we  have  them  in  the  worst  form.  Nothing  is  commoner 
than  heaving  up  slips  upon  which  ships  are  pulled  up  out  of  the 
water.  They  have  to  take  their  bearing  first  at  the  bow,  and 
gradually  come  up  until  they  get  upon  the  solid,  and  are  then 
hauled  up  by  chains. 

v'  That  has  been  done  everywhere,  all  over  the  world,  thousands 
of  times  in  this  country,  and  it  is  now  carried  on  to  a  very  large 
extent  indeed.  AVith  docks  for  ships  of  3,000  or  4,000  tons 
nothing  is  thought  of  pulling  these  ships  up,  and  nothing  is 
thought  of  any  strains  they  undergo  under  the  circumstances. 
"  If  it  is  sufficient  on  a  Ship  Bailway  to  provide  against  some- 
thing like  the  worst  hurricanes  at  sea,  then  I  have  no  hesitation 
in  saying  that  it  is  perfectly  impossible  for  these  ships  on  the 
railway  to  come  to  any  grief  from  wind,  because  the  resistance 
to  hold  the  ship  upright  on  her  cradle  on  the  railway  track  is,  I 
think,  very  many  times  greater  than  the  forces  which  keep  her 
upright  at  sea. 
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"With  a  track  like  that,  and  with  locomotives  adapted  to  it, 
there  would  be  no  difficulty  in  transporting  ships.  It  would  be 
best  to  avoid  a  very  high  rate  of  speed.  It  would  not  be  neces- 
sary, I  should  think,  to  move  these  ships  at  a  greater  speed  than 
eight  or  ten  miles  an  hour,  although  I  am  quite  prepared  to 
believe  that,  with  a  proper  track  and  locomotives,  vessels  could 
be  transported  much  fastor." 

In  September,  1882,  the  author  referred  the  question  of  ship 
strains  to  Professor  T.  Claxton  Fidler,  M.  Inst.  C.  E.,  now  of  the 
Dundee  University,  who  reported  as  follows: — 

"In  connection  with  the  ship  herself,  it  will  be  important  to 
arrive  at  some  estimate  of  the  strains  to  which  she  may  be 
exposed  during  the  process  of  land-carriage,  as  compared  with 
the  strains  which  she  frequently  undergoes  in  a  heavy  sea,  and 
to  which  her  strength  should  be,  and  generally  would  be  pro- 
portioned. 

"  The  gross  weight  of  ship  and  cargo  being  taken  at  2,000 
tons,  her  displacement  will  be  2,000  x  35  =  TO, 000  cubic  feet ; 
and  with  an  ordinary  coefficient  of  fineness  the  leading  dimen- 
sions of  a  sailing  vessel  of  this  displacement  may  be  taken  to 
average  roughly. 

Length 200  feet 

Breadth 35    " 

Depth 16  to  17  feet 

"  As  an  average  example,  I  may,  perhaps,  take  the  case  of  an 
actual  sailing  ship  whose  length  is  205  feet  and  breadth  about 
36  ft.  6  in.;  the  greatest  load  displacement  of  this  vessel  is 
somewhat  greater  than  2,000  tons,  but  she  has  that  exact  dis- 
placement when  loaded  to  a  smaller  depth  of  16  ft.  3  in.  The 
ends  of  this  vessel  are  of  moderate  fineness,  while  her  middle 
body  is  very  full  and  for  one-third  of  her  length  nearly  parallel, 
the  average  area  of  the  immersed  cross  section  for  the  middle 
third  of  her  length  is  about  520  sq.  ft.,  or  nearly  15  tons  dis- 
placement per  foot  of  length.  One  half  of  the  total  displace- 
ment is  therefore  contained  in  the  middle  third  of  her  length, 
the  other  half  is  divided  between  the  two  ends  and  will  average 
7|-  tons  per  foot.  This  represents  the  actual  distribution  of  the 
supporting  forces  when  the  ship  is  floating  in  quiet  water ;  the 
distribution  of  the  load,  however,  will,  of  course,  vary  according 
to  the  ladiDg   of  the  ship.     Assuming,  with  Prof.  Eankine,  that 
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one  half  of  the  total  load  may  be  taken  to  be  distributed  in  pro- 
portion to  the  displacement  and  the  other  half  uniformly  dis- 
tributed over  the  length  of  the  ship,  this  would  give  (as  a 
rough  calculation)  a  load  of  about  12^  tons  per  foot  for  the 
middle  body  diminishing  to  5  tons  per  foot  at  the  extreme  ends, 
or  averaging  about  8f  tons  per  foot  for  the  fore  and  after  bodies, 
and  this  rough  calculation  would  show  that  in  still  water  the 
vessel  suffers  a  hogging  strain  of  about  7,000  foot  tons  as  the 
moment  due  to  the  excess  of  weight  of  the  fine  ends  over  their 
buoyancy.  This  amount  would,  of  course,  vary  according  to 
the  build  of  the  vessel,  being  greatest  in  vessels  with  very  fine 
ends,  but  when  the  ship  is  supported  upon  the  crest  of  a  wave 
she  undergoes  a  further  hogging  strain,  which  is  much  more 
serious  and  which  is  greatest  in  vessels  having  bluff  ends. 

"  The  total  hogging  moment  due  to  these  two  causes  is  given 
by  Rankine  equal  to  the  total  displacement  multiplied  by  -^  of 
the  length  for  all  vessels  of  ordinary  build.  In  the  case  of  the 
2,000  ton  ships,  therefore,  this  will  amount  to  2,000  x  ^-  = 
20,000  foot  tons.  In  order  to  compare  this  theoretical  require- 
ment with  the  strength  of  vessels  as  actually  built  in  good 
practice,  the  case  of  an  iron  sailing  ship  205  feet  long  is  taken 
as  a  practical  example.  This  vessel  is  23^  feet  deep  from  the 
floor  to  the  stringers  of  the  upper  deck ,  and  her  neutral  axis 
lies  at  §  of  the  depth.  The  hogging  moment  given  by 
Bankine's  rule  above  quoted  produces  a  maximum  tensile  strain 
of  3.92  tons  per  square  inch,  and  a  compressive  strain  of  3.92 
X  f  =  1.4*7  tons  per  square  inch  only.  In  the  case  also  of  a 
well  built  wooden  vessel  it  appears  that  the  strain  is  within  the 
working  strength  of  the  material  in  nearly  the  same  propor 
tions  as  in  this  iron  ship. 

"  We  may  take  it  therefore  that  the  safe  working  strength  of 
any  well  built  vessel  is  fully  sufficient  to  cany  this  bending 
moment,  viz :  Displ.  x  ^o  length,  when  acting  as  a  hogging- 
strain,  and  §-  of  this  amount  as  a  sagging  strain,  and  that  this 
bending  strain  will  not  exceed  the  strain  that  she  actually 
suffers  at  sea  whether  she  is  well  built  or  not." 

This  report  goes  to  show  that  on  a  Ship  Eailway  Cradle  there 
would  be  less  strain  upon  a  vessel  than  she  suffers  by  simply 
laying  in  quiet  water. 

It  is  impossible  within  the  limits  of  one  paper  to  enter  more 
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largely  into  the  various  problems  that  have  to  be  worked  out  in 
connection  with  Ship  Eailway  Cradles,  Axles,  Wheels,  Eails,  etc., 
and  the  Society  will  excuse  the  author  from  going  into  more 
details,  until  the  problem  (which  has  been  carefully  worked  out 
at  Chignecto)  is  fully  tried  there. 
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THE  CHIGNECTO  SHIP   RAILWAY— THE   SUBSTITUTE 
FOR  THE  BAIE  VERTE  CANAL. 

By  H.  G.  C.  Ketchum   M.  Can.  Soc.  C.  E. 

The  first  proposal  for  a  canal  to  connect  the  waters  of  the  Gulf 
of  St.  Lawrence  with  the  Bay  of  Fundy  was  made  during  the 
French  regime  by  the  Abbe  de  la  Loutre,  the  enterprising  leader 
of  the  French  colonists  of  Acadie. 

In  1783  Colonel  Robert  Morse,  Chief  of  the  Royal  Engineers, 
was  ordered  by  Sir  Guy  Carleton,  Commander-in-chief  of  His 
Britannic  Majesty's  forces  in  North  America,  to  make  a  report 
on  the  "  state  of  the  defences,  with  observations  leading  to  the 
further  growth  and  "security  of  the  colony  of  Nova  Scotia," 
which  then  included  New  Brunswick  and  a  part  of  the  State  of 
Maine.  In  this  report  Colonel  Morse  suggested  "  the  idea  of 
"  opening  a  water  communication  between  the  Gulf  of  St. 
"  Lawrence  and  the  Bay  of  Fundy,"  which  he  said,  "  would  be 
"  attended  with  good  effects,"  and  he  spoke  of  "  the  many  and 
"  great  advantages  which  would  result  to  the  country  from  such 
"  a  communication." 

In  this  respect  all  the  engineers  who  have  studied  the  project 
from  that  date  have  been  in  perfect  accord  with  Colonel  Morse, 
who,  however,  looked  upon  such  a  communication  mostly  from 
a  military  and  naval  point  of  view.  He  regarded  the  Canal  as  a 
means  of  naval  defence,  whereby  war  vessels  could  pass  from  sea 
to  sea  for  the  purpose  of  attack  or  defence  without  running  the 
gauntlet  of  a  hostile  fleet  on  the  Atlantic  coast  of  Nova  Scotia. 

This  isthmus  of  Chignecto  is  historic  ground.  Two-and-a-half 
centuries  ago  Fort  Lawrence  was  the  headquarters  of  Chevalier 
de  la  Yalliere,  the  Seigneur  of  Chignecto  and  Governor  of  Acadie. 
From  his  dajT  until  the  fall  of  Quebec  the  country  within  sight 
was  almost  continually  the  theatre  of  stirring  action.  The 
French  regarded  the  possession  of  the  Isthmus  of  Chignecto  of 
strategic  importance  as  a  half-way  station  between  Port  Royal 
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and  Louisburg,  Cape  Breton,  on  the  one  hand,  and  Quebec  on 
the  other. 

The  English  fought  and  struggled  for  its  possession,  as  it 
afforded  the  French  a  base  of  operations  from  which  the  English 
settlements  could  be  harassed.  The  tide  of  combat  rolled  around 
it  intermittently  for  150  years.  It  has  been  captured  and  recap- 
tured in  the  French  and  Indian  wars,  and  during  the  American 
revolution  a  small  army  of  volunteers  from  the  neighbouring 
republic  beseiged  Fort  Cumberland. 

The  heights  of  Fort  Cumberland  have  frequently  beheld  fleets 
of  warships  flying  the  Lilies  of  France,  and  the  White  Cross  of 
St.  George.  It  ranks  with  Louisburg  and  old  Port  Bo}-al  in 
historic  interest  and  importance,  and  was  rightly  considered  one 
of  the  keys  of  Canada. 

Should  there  be  war  between  Great  Britain  and  any  European 
power  there  is  no  doubt  that  a  highway  for  vessels  of  war,  such 
as  gunboats  and  torpedo  boats,  would  be  of  the  greatest  possible 
advantage  to  Great  Britain  and  Canada  in  the  defence  of  the 
Maritime  Provinces. 

In  1822  the  Government  of  New  Brunswick  instructed  Mr. 
Eobert  C.  Minnette,  Provincial  Land  Surveyor,  to  make  the  first 
actual  survey  of  a  canal,  which  he  accomplished  in  that  year. 

In  1825  Sir  Howard  Douglas,  Governor  of  New  Brunswick, 
employed  Mr.  Francis  Hall,  Civil  Engineer,  to  report  on  the 
construction  of  a  canal  on  the  line  of  Mr.  Minnette's  survey. 

In  1826  Sir  Thomas  Telford,  the  most  eminent  English  engi- 
neer of  the  day,  founder  of  the  Institution  of  Civil  Engineers  in 
London,  was  consulted  as  to  the  feasibility  of  Mr.  Hall's 
plans.  He  reported  that  "  if  this  canal  were  completed,  ready 
I  access  would  thereby  be  opened,  not  only  with  Quebec  and 
I  Montreal,  but  also  with  the  upper  lakes  to  a  boundless 
|  extent." 

In  1843,  Capt.  H.  O.  Crawley,  of  the  Royal  Engineers,  was 
employed  at  the  joint  expense  of  Canada,  New  Brunswick,  and 
Prince  Edward  Island  to  report  on  previous  schemes.  He  said  : 
I  It  is  unnecessaiy  for  me  to  dwell  upon  the  importance  of  an 
"  undertaking  which  seems  to  be  generally  admitted." 

After  this  date  public  attention  was  directed  to  Eailways  and 
it  was  proposed  to  utilize  the  Steamship  Lines  now  established 
on  either  side  of  the  Isthmus  by  transhipping  freight  over  a 
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Line  of  Railway  to  be  built  between  the  Bend  of  Petitcodiac  on 
the  Bay  of  Fundy,  and  Shediac  on  the  Gulf  of  St.  Lawrence. 

In  1853,  a  Company  was  formed  and  a  contract  made  with 
Messrs.  Peto,  Brassey,  Betts  and  Jackson,  and  work  commenced 
on  this  Line  of  Bailway  from  Moncton  to  Point  du  Chene,  a 
distance  of  18  miles.  It  was,  however,  taken  out  of  the  hands  of 
that  firm  in  1856  and  completed  by  the  Government  of  New 
Brunswick  in  1858.  This  was  the  first  line  constructed  by  the 
Government  of  that  Province  under  Mr.  A.  L.  Light,  M.I.C.E., 
Chief  Engineer.  Cargoes  from  the  Gulf  ports  were  transhipped 
at  Point  du  Chene,  carried  over  the  Isthmus  and  again  put  into 
steamers  on  the  Bay  of  Fundy.  In  1860,  this  line  was  extended 
to  St.  John,  New  Brunswick,  a  total  distance  of  108  miles,  and 
freight  from  the  Gulf  Ports  and  Prince  Edward  Island  was  then 
transhipped  from  steamers  to  the  railway  and  from  the  railway 
to  the  steamship  lines  plying  between  St.  John,  N.  B.,  and 
Portland  and  Boston. 

A  line  from  Pictou  to  Truro,  a  distance  of  55  miles,  was  after- 
wards completed  across  another  part  of  the  Isthmus  by  the  Gov- 
ernment of  Nova  Scotia  under  Mr.  Sandford  Fleming,  C.M.G., 
Chief  Engineer. 

Subsequently  a  line  of  railway  from  Sackville  to  Cape  Tor- 
mentine,  and  branches  from  the  Intercolonial  Railway  to 
Buctouche,  Richibucto,  Chatham,  Caraquet,  Dalhousie,  N.  B. 
have  all  been  completed,  showing  the  great  importance  attached 
to  the  trade  flowing  from  the  Gulf  of  St.  Lawrence  towards  St. 
John  and  the  United  States. 

"  The  business  done  on  these  lines  affords  evidence  of  the  large 
"  volume  of  traffic  seeking  transit  between  the  Gulf  and  Bay,  oi 
"  between  the  Gulf  and  the  Eastern  States  of  the  Republic." 

"  Where  there  is  so  large  a  railway  traffic  it  needs  no  argument 
"  to  show  that  there  must  be  an  enormous  water  bourne  traffic 
"  when  once  the  Short  Cut  across  the  Isthmus  of  Chignecto  it 
"  possible." 

Notwithstanding  these  railway  facilities  there  are  many  bullc 
articles  of  commerce  which  cannot,  with  economy  and  conver 
ience,  be  carried  any  great  distance  by  rail,  and  when  there  ill 
a  necessity  and  expense  of  transhipment  and   rehandling,  th 
railway  carriage  becomes  sometimes  too  expensive  to  leave  an;j 
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profit.     Such    is  the  case  with  lumber,  coal,  gypsum,  plaster, 
building  stone,  potatoes,  deals,  fish,  &c,  &C. 

In  18G9  a  Company  was  incorporated  by  the  Legislature  of 
Nova  Scotia  to  build  the  canal,  as  a  private  work,  and  the  interest 
in  it  was  accordingly  revived. 

In  1869  the  late  John  Page,  C.  E.,  Chief  Engineer  of  Public 
Works,  was  called  upon  to  report  upon  all  previous  surveys  of 
the  Baie  Verte  Canal,  which  at  this  date  had  again  become  a  live 
question,  and  further  surveys  were  ordered  by  the  Dominion 
Government.  In  1871  a  most  thorough  survey  was  made  of  the 
whole  Isthmus  by  Mr.  F.  Baillarge",  Assistant  Chief  Engineer  of 
Public  Works. 

In  1872  Sir  Casimir  Gzowski  and  the  late  Mr.  Samuel  Keefer, 
C  E.,  surveyed  and  recommended  a  line  of  Canal  approximately 
on  the  route  of  the  present  Ship  Eailway. 

Samuel  Keefer,  C.  E.,  observed  that  in  the  comparatively  isol- 
ated condition  of  the  Provinces  before  Confederation  the  neces- 
sity for  this  short  line  of  communication  was  not  felt ;  but  now 
that  they  form  one  united  Dominion,  bound  together  by  ties, 
political  and  commercial,  the  trade  growing  up  between  them 
must  tend  year  by  year  to  give  greater  importance  to  the  pro- 
posed shorter  and  safer  line  of  navigation. 

The  estimated  cost  of  this  line  of  canal  by  these  engineers  was 
$5,317,000,  but  Mr.  Page,  on  examination  of  the  estimate,  alleged 
that  there  had  been  undervaluations  and  omissions,  and  he  added 
to  it  25  per  cent,  for  undervalue  placed  on  works,  $1,329,250,  and 
for  omissions  $450,000,  making  the  probable  actual  cost  of  work, 
according  to  Mr.  Page,  $7,100,000. 

Mr.  Page  declared  "  that  the  construction  of  a  navigable  chan- 
"  nel  between  the  Bay  of  Fundy  and  the  Gulf  of  St.  Lawrence,  on 
f  any  line  that  can  be  selected,  will  be  an  undertaking  attended 
F  with  unusual  difficulty,  not  only  from  the  nature  of  the  work 
"  to  be  done,  but  from  the  great  difference  in  the  elevation  of  the 
"  respective  tides." 

The  range  of  the  tides  in  the  Bay  of  Fundy  has  always  been 
exaggerated  in  the  school  books  and  gazetteers.  The  most  care- 
ful observationa  taken  by  Mr.  Baillarge',  C.  E.,  in  1870,  resulted 
in  establishing  the  range  of  tides  to  be  38  feet  at  neap  and  48 
feet  at  spring  tides.     The  greatest  tide  ever  known  occurred  on 
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the  5th  October,  18G9,  at  new  moon.  The  range  was  then  fifty- 
seven  feet,  six  inches.  It  is  well  known  as  the  Saxby  tide,  so 
called  from  a  prediction  made  nearly  a  year  before  it  happened, 
by  Lieut.  S.  M.  Saxby,  E.  N.,  which  appeared  in  the  London 
Times  in  December,  1868.  The  following  reasons  for  the  predic- 
tion were  given  in  his  own  words  :  "  At  7  a.  m.,  October  5th,  the 
"  moon  will  be  at  that  part  of  her  orbit  nearest  the  earth.  Her 
"  attraction  will  therefore  be  at  the  maximum  force.  At  noon  of 
"  same  day  the  moon  will  be  on  the  earth's  equator,  which  never 
"  occurs  without  marked  atmospheric  disturbance,  and  at  2  p.  m. 
"  same  day  lines  drawn  from  the  earth's  centre  would  cut  the 
"  moon  and  sun  in  the  same  arc  of  right  ascension.  The  moon's 
"  attraction  and  the  sun's  attraction  will  therefore  be  in  the  same 
"  direction.  In  other  words  the  new  moon  will  be  on  the  earth's 
"  equator  and  nothing  more  threatening  can  occur  without 
"  miracle."  This  prediction  was  verified  by  very  high  tides  and 
a  terrible  storm  on  the  Bay  of  Fundy. 

The  extreme  range  of  tides  in  Baie  Verto  was  observed  to  be 
10  feet  8  inches ;  the  ordinary  range  being  only  5  feet  7  inches. 
Tims  while  the  fluctuations  above  and  below  the  mean  sea  level 
were  only  2  feet  9  inches  at  Baie  Yerte,  they  were  at  the  same 
time  19  feet  above  and  below  mean  sea  level  on  the  Bay  of  Fundy 
at  neap  tides,  and  24  feet  at  spring  tides. 

A  Eoyal  Commission  composed  of  the  most  representative  com- 
mercial men  of  Canada,  selected  from  the  different  provinces,  was 
appointed  by  the  Government  in  18*71  to  investigate  the  whole 
canal  system  of  Canada,  with  the  late  Sir  Hugh  Allan  as  Chair- 
man. The  Baie  Verte  Canal  after  full  enquiry  and  examination, 
was  placed  by  them  in  the  first  rank  of  all  the  canals  of  the  Do- 
minion. The  following  is  extracted  from  the  report  of  the 
Canal  Commission  :  "  The  growth  of  Intercolonial  trade  depends 
"  on  cheap  transit,  since  the  merchandise  passing  between  the 
"  Maritime  Provinces  and  Ontario  must  be  of  a  bulky  character, 
"  requiring  large  vessels  and  rapid  dispatch  to  be  really  profit- 
"  able.  When  a  propeller  can  go  direct  with  a  cargo  of  coal,  or 
"  other  produce  of  the  Eastern  Provinces,  to  Kingston  and  To- 
"  ronto,  and  there  get  a  return  freight  of  flour,  barley,  and  other 
"  Western  produce,  Intercolonial  trade  will  have  entered  on  a 
"  new  era. 

"  When  Nova  Scotia  coal  of  the  best  description  can  be  supplied 
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*'  abundantly  and  cheaply  to  western  ports,  a  great  impulse  will 
"  necessarily  be  given  to  the  transfer  of  the  trade  of  the  St.  Law- 
il  rence  and  Lakes  to  screw  steamers,  a  transfer  already  taking 
u  place,  as  we  have  previously  shown. 

"  "With  the  canals  enlarged,  coal  freights  would  be  reduced  to 
"  the  minimum  point — a  lake  propeller  would  always  bring  back 
4i  from  the  lower  ports  a  cargo  of  coal,  rather  than  come  empty 
"  — just  as  the  English  timber  ships  have  been  accustomed  to 
"  bring  the  same  a i  tide  instead  of  ballast. 

"  Inseparably  connected  with  the  growth  of  Intercolonial  trade 
*'  is  the  construction  of  the  Baie  Yerte  Canal  across  the  Isthmus, 
"  connecting  the  Provinces  of  Nova  Scotia  and  New  Brunswick. 
"  The  advantages  that  must  accrue,  not  merely  to  the  Dominion 
"  as  a  whole,  but  to  the  commerce  of  the  Maritime  Provinces,  are 
"  so  clearl}-  pointed  out  by  the  Boards  of  Trade  of  all  the  lead- 
"  ing  cities  of  Canada,  and  by  men  interested  in  the  development 
"  of  our  commercial  interests,  not  simply  the  merchants  of  St. 
"  John  and  other  places  in  the  locality  of  the  proposed  Canal,  but 
*(  merchants  of  Hamilton,  Toronto,  Ottawa,  Montreal  and  Que- 
"  bee,  that  it  is  superfluous  for  the  Commissioners  to  do  more 
V  than  briefly  refer  to  a  few  salient  features  of  the  scheme. 

"  A  steamer  laden  with  flour  for  St.  John.  N.  B.,  now  goes 
<c  down  the  Gulf  as  far  asShediac,  where  the  cargo  is  transported 
"  by  rail  to  its  destination.  The  total  distance  by  water  from 
"  Shediac  through  the  Gut  of  Canso  and  around  the  coast  of 
"  Nova  Scotia  to  the  Bay  of  Fundy  as  far  as  the  commercial 
"  capital  of  Now  Brunswick  is  about  600  miles,  and  the  conse- 
"  quence  is  that  there  is  little  or  no  direct  communication  be- 
'•  tween  the  Bay  of  Fund}-  ports  and  those  of  the  Biver  St.  Law- 
"  rence.  By  a  Canal  through  the  Isthmus  the  distance  from 
"  Shediac  to  St.  John  will  not  be  much  more  than  one  hundred 
''  miles." 

Accordingly  the  Government  of  the  day  decided  to  proceed  with 
the  construction  of  the  canal.  His  Excellency  Lord  Dufferin,  at 
the  opening  of  the  session  of  1873,  in  his  speech  from  the  throne, 
used  the  following  language  : 

"  I  am  glad  to  inform  you  that  plans  and  specifications  for  the 
u  enlargement  of  the  "Welland,  and  the  construction  of  the  Baie 
"  Verte  Canal,  have  been  completed,  and  that  the  works  can  now 
"  be  put  under  contract.     The  surveys   for  the   St.   Lawrence 
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"  Canals  will,  T  am  assured,  be  finished  in  time  to  commence  the 
"  works  at  the  beginning  of  next  year.  This  will  insure  the  com- 
"  pletion  of  all  these  great  works  at  the  same  period." 

In  accordance  with  the  promise  thus  given,  one  million  dollars 
was  placed  in  the  estimates  for  the  construction  of  the  Baie  Verte 
Canal,  which,  according  to  the  late  Mr.  Page's  estimate  of  the 
line  surveyed  by  Messrs.  Gzowski  and  Keefer,  was  to  cost 
§7,100,000. 

In  1875,  under  a  change  of  Government,  another  commission 
was  appointed,  with  the  late  Hon.  John  Young  as  chairman.  The 
report  made  by  this  Commission  was  unfavorable.  Indeed,  it  is 
said  the  Commission  was  purposely  appointed  to  defeat  the  pro- 
ject and  save  the  new  Government  the  necessity  of  making  the 
outlay  pledged  by  Parliament. 

The  Hon.  Joseph  Lawrence,  one  of  the  Commissioners,  pro- 
tested against  the  verdict  of  the  majority,  and  ably  defended  the 
commercial  prospects  of  the  canal  in  a  separate  report. 

It  was  after  wards  discovered  that  an  error  had  been  made  in 
their  computation  of  the  distance  to  be  saved  by  the  Short  Cut. 
The  Commissioners  had  represented  the  distance  saved  from 
Montreal  to  St.  John  as  only  225  miles,  whereas  it  is  actually  500 
miles,  making  an  error  in  their  calculations  of  275.  Their  opi- 
nion was,  that  the  small  distance  to  be  saved  would  not  warrant 
the  expenditure.  The  prejudice  produced  in  some  quarters  by 
the  misrepresentation  of  distance  (and  hence  the  erroneous  con- 
slusions  of  the  report)  endures  to  this  day.  The  following  ad- 
missions were  however  made : 

"The  evidence  taken,  and  the  observations  which  the  Commis- 
"  sioners  have  had  the  opportunity  of  making,  have  impressed 
"  them  deeply  with  the  vast  resources  of  New  Brunswick,  Xova 
"  Scotia  and  Prince  Edward  Island,  and  the  large  increase  which 
"  may  be  reasonably  looked  for  in  their  trade  and  commerce." 

It  was,  however,  most  fortunate  for  the  Dominion  that  the 
verdict  of  this  Commission,  incorrect  as  it  was,  delayed  for  a 
while  the  public  expectation.  It  gave  time  for  a  new  idea  to  be 
developed  which  was  happily  destined  to  prevent  the  country 
from  falling  into  a  most  irretrievable  error  of  judgment  and  from 
an  expenditure  counted  by  millions  of  dollars, — a  better  mode  of 
communication  between  the  two  seas  was  possible. 

In  1875  the  author  of  this  paper  submitted  his  opinion  to  the 
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public  through  the  Press  that  a  Ship  Kail  way  would  not  only 
fulfil  all  the  requirements,  but  in  many  respects  would  be  prefer- 
able to  a  canal ;  that  there  was  no  engineering  difficulty  either  in 
the  construction  or  operation  of  such  a  line;  and  that  vessels  in 
full  cargo  could  be  transported  over  the  Isthmus  in  perfect  safety 
and  at  small  expense.  That  the  transport  would  take  less  time, 
and  the  maintenance,  repairs  and  operating  would  be  no  greater 
than  by  canal.  This  bold  suggestion  arrested  all  further  discus- 
sions of  a  canal,  and  for  six  years  there  was  no  further  move 
made  tending  to  solve  the  problem  of  the  Isthmian  Transit.  The 
Dominion  Government  had  entered  upon  a  policy  of  fostering 
its  own  manufactures  and  relying  upon  its  own  productions  for 
its  prosperity.  The  result  soon  showed  itself  in  a  marked 
increase  in  the  raising  of  coal  and  lumber,  which  was  followed 
by  a  corresponding  increase  in  the  coasting  trade  and  com- 
mercial marine  of  the  Maritime  Provinces. 

At  length,  in  1881,  the  author  carried  out,  at  his  own  expense, 
a  survey  and  location  for  a  Ship  Railway,  and  having  found  a 
good  line,  submitted  a  proposal  to  the  Hon.  Sir  Charles  Tupper, 
Minister  of  Eaihvays  and  Canals,  offering  to  form  a  company  to 
carry  out  the  work,  provided  the  Government  would  subsidize 
the  work,  for  about  one-third  the  cost  of  a  canal. 

The  proposed  subsidy  took  the  form  of  a  contribution  by  the 
Government  to  the  Company  of  8150,000  per  annum  for  twenty- 
five  years,  which,  if  capitalized  at  four  per  cent.,  would  be  equal 
to  the  sum  of  82,343,312. 

The  proposal,  therefore,  if  adopted,  would  save  to  the  country 
the  cost  of  the  Canal,  to  which  it  was  pledged,  as  before  stated, 
estimated  at  87,100,000,  less  the  sum  of  82,343,312,  the  capitaliz- 
ed value  of  the  subsidy,  or  a  saving  of  no  less  than  84,756,688. 

Hon.  Sir  Charles  Tupper,  Minister  of  Railways  and  Canals,  re- 
ferred the  whole  question  to  the  Chief  Engineer  of  his  Depart- 
ment, and  Mr.  Collingwood  Schrieber  reported  as  follows  : — 

1.  "  That  the  project  is  quite  practicable  of  execution." 

2.  "  That  the  Ship  Railway  as  proposed  would  be  a  good  sub- 
11  stitute  for  the  Canal  originally  contemplated." 

3.  "  That  the  advantage  in  respect  of  cost  as  compared  with 
"  that  of  a  Canal  would  be  greatly  in  favour  of  the  Ship  Railway, 
"  the  cost  of  a  half-tide  canal  being  calculated  by  the  Govern- 
"  ment  Engineers  at  from  $5,650,000  to  $8,217,849  :  whereas  the 
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subsidy  asked  for  by  the  Company,  namely,  $  150,000  for  25 

3Tears,  if  capitalized  at  4  per  cent,  would  be  equal  to  the  sum  of 

$2,343,312  only." 

The  Commissioners  in  their  Report  on  page  51  state :  "  The 

distance  from  Shediac  to  St.  John  by  the  present  route,  via  the 
'  Gut  of  Canso,  to  be  600  miles.  This  distance  would  be  reduced 
1  by  the  construction  of  the  Baie  Verte  Canal  to  about  100  miles. 
'  and  freights  would,  in  their  opinion,  be  diminished  by  25  per 
'  cent.,  greatly  benefiting  the  coal  trade  and  fisheries,  and  in- 
'  creasing  the  volume  of  general  business." 

They  state  further  (page  53)  :  "  This  canal  cannot  be  consider- 
'  ed  apart  from  the  canals  of  the  St.  Lawrence  as  a  Cana- 
;  dian  canal,  as  Sault  Ste.  Marie  is  the  natural  commencement  of 
1  the  improvements  of  the  inland  navigation  of  the  Dominion,  so 
'  the  work  through  the  Isthmus  of  Chignecto  is  the  inevitable 
•  conclusion  necessary  to  give  unity  and  completeness  to  the 
•'  whole  system.  It  is  Canadian  in  design  and  must  prove 
'  national  in  its  results." 

On  page  79  the  Commissioners  say  :  "  The  evidence  submitted 
'  points  out  with  remarkable  force  and  unanimity  the  necessity 
'  of  opening  a  Highway  for  commerce  between  the  Gulf  of  St. 
'Lawrence  and  the  head  waters  of  the  Bay  of  Fundy  through 
'  the  Isthmus  of  Chignecto  dividing  them." 

The  above  statements  are  now  twenty  years  old,  and  the  ton- 
nage of  the  ports  adjacent  to  the  Isthmian  Transit  has  more  than 
doubled  itself  since  those  words  were  written. 

The  Chief  Engineer  further  said,  that  "  Assuming  that  the 
'•  importance  of  a  Ship  Highway  over  the  Isthmus  was,  at  the 
"  time  of  the  Commissionei-s'  Report  so  great  as  therein  stated, 
"  it  must  be  much  greater  now  considering  the  large  increase 
"  since  that  date  in  the  trade  of  the  country  affected  by  the  pro- 
"  posed  work." 

The  proposal  of  the  author  was  accepted  by  the  Government, 
approved  by  Parliament,  and  a  company  incorporated  to  carry 
out  the  undertaking.  The  provisional  Directors  were :  Mr. 
Thomas  C.  Keefer,  C.M.G.,  the  first  president  of  the  Canadian 
Society  of  Civil  Engineers ;  Mr.  Edwin  Clark,  the  eminent 
engineer  and  inventor  of  the  Hydraulic  Ship  Lift ;  Mr.  C.  R. 
Coker,  Lloyds  Surve37or  of  Shipping ;  Mr.  B.  G.  Lunt,  the  well- 
known  Steamboat  Manager;  and  the  author. 
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The  Board  of  Trade  of  St.  John,  New  Brunswick,  passed  the 
following  resolutions  on  the  20th  October,  1883  : 

"  Whereas,  Means  of  communication  between  the  waters  of  the 
"  Bay  of  Fund}-  and  the  Gulf  of  St.  Lawrence,  whereby  products 
"  of  the  several  Provinces  bordering  thereon  may  be  inter- 
w  changed  without  encountering  the  dangerous  navigation  of  the 
"  Atlantic  Coast  of  Nova  Scotia,  whereby  steamers  and  sailing 
*'  vessels,  adapted  as  well  for  inland  as  for  ocean  navigation,  may 
"  be  safely  conveyed  across  the  Isthmus  of  Chignecto  without  the 
u  cost  and  delay  of  transhipment  or  breaking  bulk,  and  whereby 
"  the  sailing  distance  between  this  port  and  all  ports  north  and 
"  west  of  said  Isthmus  may  be  reduced  about  600  miles,  would 
(i  increase  the  volume  of  trade  and  benefit  the  shipping  interests 
"  of  this  port  and  other  ports  in  the  Bay  of  Fundy  and  Gulf  of  St. 
u  Lawrence ;  and 

"  Whereas,  By  means  of  a  Ship  Railway  across  the  Isthmus, 
*  the  objects  aforesaid  may  be  accomplished,  and  thus  stimulate 
"  the  development  of  the  agricultural,  mining,  lumbering  and 
"  fishing  resources  of  the  district  contiguous  to  the  aforesaid 
"  ports ;  and 

'•'  Whereas,  A  company  has  been  formed  for  the  construction 
u  and  operation  of  a  Ship  Railway,  with  commodious  Docks  and 
"  Hydraulic  Lifts  for  raising  and  transporting  over  its  line  laden 
"  vessels  of  1,000  tons  register;  therefore 

"  Resolved,  That  this  Board  is  of  opinion  that  the  undertaking 
of  said  company  would  "  greatly  facilitate  trade  and  commerce 
between  the  Eastern  and  Western  Provinces ;  and  further 

"  Resolved,  That  this  Board  cordially  approves  the  project  for 
"  building  the  said  ship  railway,  believing  that  this  is  a  movement 
"  which  will  commend  itself  to  all  classes,  and  prove  to  be  of 
11  great  convenience  and  benefit  to  our  trade  and  commerce  gen- 
"  erally." 

In  March,  1886,  a  formal  contract  was  entered  into  by  the 
Company  with  the  Government  which  made  a  change  in  the 
annual  payments  of  the  subsidy,  but  reduced  the  time  over 
which  it  extended  from  25  years  to  20  years.  The  company  was 
not  to  call  upon  the  Government  for  any  portion  of  the  subsidy 
except  what  might  be  required  to  make  up  the  net  earnings  of  7 
per  cent,  on  the  authorized  capital  of  85,500,000,  and  the  com- 
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pany  agreed  to  pay  over  to  the  Government  one-half  the  surplus 
profits  beyond  the  7  per  cent,  until  the  whole  of  the  subsidy 
which  may  then  have  been  paid  to  the  company  shall  have  been 
repaid  to  the  Government. 

After  various  unsuccessful  attempts  by  the  author  to  get  par- 
ties to  undertake  this  novel  and  difficult  work,  and  find  the 
money,  at  last,  in  the  early  part  of  the  year  1888,  Mr.  John 
G.  Meiggs,  the  eminent  contractor  of  South  American  fame, 
offered  through  the  author  to  form  a  company  in  London  to 
carry  out  the  undertaking,  provided  an  extension  of  time  could 
be  made  to  the  contract  already  entered  into  with  the  Govern- 
ment. 

Application  was  accordingly  made  and  the  extension  of  time 
granted  by  the  Dominion  Government  and  Parliament  in  the 
spring  of  1888. 

The  plans  were  prepared  and  submitted  to  the  Chief  Engineer 
of  the  Department  of  Bailways  and  Canals,  and  formal  approval 
given  by  the  Governor  General  in  Council  in,  May,  1888. 

The  line  of  railway  and  docks  were  then  finally  located  under 
the  instructions  of  the  author  by  Mr.  J.  S.  Armstrong,  M.  Can. 
Soc.  G.  E.,  and  tenders  invited  for  the  grading,  masonry,  and  the 
various  works. 

The  Company  was  re-organized  in  London,  the  preliminary 
stock  subscribed,  and  the  directors  appointed. 

The  Board  consists  of  Mr.  Thomas  "Wood,  President;  CoL 
Paget  Mosley,  Vice-President ;  Mr.  A.  D.  Provand,  M.P..,  Mr. 
AV.  H.  Campbell,  Mr.  A.  E.  Eobertson,  and  Mr.  Arthur  Serena, 
Directors. 

Sir  John  Fowler,  Sir  B.  Baker,  and  H.  G.  0.  Ketchum  were 
appointed  Engineers. 

A  contract  was  then  entered  into  between  the  Company  and 
Messrs.  John  G.  Meiggs  &  Son  for  the  execution  of  the  work,  and 
subsequently  £650,000  of  the  capital  was  raised  in  London  by 
subscription ;  £300,000  being  in  preferred  shares  and  £350,000  in 
first  mortgage  Bonds. 

Under  this  contract,  work  was  commenced  by  the  Company 
in  October,  1888.  Messrs.  Meiggs  &  Son  contracted  with  Messrs. 
Dawson,  Symmes  and  Ussher,  of  Niagara  Falls,  for  the  earth- 
work and  masonry,  for  the  line  of  railway  and  docks,  the  dredg- 
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ing  of  the  entrance  channels,  and  the  platelaying  and  ballasting  ; 
also  for  the  erection  of  the  moles  at  Tidnish.  "With  Messrs. 
Easton  &  Anderson  for  the  supply  of  the  hydraulic  lift  machinery, 
its  erection  and  working.  With  Messrs.  Ehodes,  Curry  &  Co., 
of  Amherst,  for  buildings  containing  the  pumping  machinery. 
They  also  supplied  the  heavy  pine  sleepers  for  account  of  Messrs. 
Dawson  &  Co.  Messrs.  Cammell  &  Co.,  of  Sheffield,  supplied  the 
steel  rails,  which  are  110  lbs.  to  the  yard  of  toughened  steel. 
Messrs.  Handyside  &  Co.,  of  Derby,  supplied  the  ship  cradles, 
which  are  made  entirely  of  steel.  Messrs.  Harris  &  Co.,  of  St. 
John,  contracted  for  the  cradle  wheels,  and  the  Canadian  Loco- 
motive and  Engine  Co.,  of  Kingston,  are  building  the  heavy  tank 
locomotives. 

The  engineering  statf,  under  Messrs.  Fowler,  Baker  &  Ketchum, 
consisted  of  Mr.  F.  F.  S.  Kelsey,  resident  engineer;  Mr.  J.  S. 
Armstrong,  principal  assistant;  Mr.  M.  Fitzmaurice,  assistant 
engineer ;  Mr.  S.  J.  Symonds,  inspector,  and  others,  on  behalf  of 
the  Company  :  Mr.  George  Buchanan,  engineer,  and  Mr.  Arthur 
"W.  Bateson,  agent,  for  the  Chief  Contractors  :  Mr.  J.  B.  Denison, 
and  Mr.  G.  F.  May,  engineers  for  the  Hydraulic  "Works :  and 
Mr.  J.  F.  O'Bourke,  engineer  for  the  Sub-Contractors. 

The  land  required  for  the  line  of  railwaj-  and  docks  was  pre- 
sented as  a  gift  by  the  Muncipality  of  the  County  of  Cumberland, 
Nova  Scotia. 

The  works  were  prosecuted  vigorously  from  the  date  of  com- 
mencement to  the  end  of  July,  1891,  when  they  were  unfortu- 
nately stopped  because  of  the  impossibility  of  floating  the  re- 
maining bonds  which  the  company  had  in  hand  (viz.,  £350,000) 
in  the  present  critical  state  of  the  money  market. 

Up  to  the  time  of  suspension,  the  engineer's  certificates  for 
work  done  and  materials  furnished  by  the  contractors,  amounted 
to  £670,894  5s.,  paid  in  cash,  bonds  and  shares,  and  the  engineer- 
ing and  administration  expenses  of  the  Company  amounted  to 
about  £30,000  in  addition. 

From  a  careful  estimate  made  of  the  cost  to  finish  the  works, 
to  equip  with  rolling  stock,  to  provide  interest  on  capital,  to 
finance  the  remaining  debentures,  and  to  provide  for  further- 
engineering  and  administrative  expenses,  it  is  calculated  that 
81,500,000  will  fully  cover  all  expenses. 
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The  whole  work  may  be  said  to  be  three- fourths  done,  and  it 
would  take  but  one  summer  season's  work  to  entirely  finish  the 
Ship  Railway  and  Docks  fit  for  opening  to  the  public. 

The  principal  excavation  yet  to  be  done  is  that  for  the  en- 
trance channels  at  each  end  of  the  line,  which  have  been  com- 
menced and  are  considerably  advanced,  but  can  not  be  entirel}- 
finished  until  the  hydraulic  machinery  for  lifting  the  vessels  is 
erected. 

All  the  hydraulic  machinery  has  been  manufactured  and  de- 
livered. All  the  rails,  sleepers,  and  permanent  way  materials 
have  been  delivered.  The  whole  of  the  line  of  railway  has  been 
graded  with  the  exception  of  about  a  mile  of  broken  work. 
Twelve  miles  of  track  have  been  laid,  and  the  greater  part  of  the 
bottom  has  been  ballasted  with  broken  stone.  The  costly  work 
remaining  to  be  done  is  the  masonry  and  gate  of  the  basin  at 
the  Bay  of  Fundy  end  of  the  line,  and  the  masonry  of  the  two 
lifting  dock*.  The  buildings  containing  the  hydraulic  pumping 
machinery  have  been  nearly  finished  and  the  machinery  in  them 
erected. 

The  ships'  cradles,  manufactured  of  steel,  and  the  locomotives, 
are  nearly  ready  for  delivery.  The  moles  protecting  the  Basin 
on  Northumberland  Straits,  have  been  entirely  finished  and  ac- 
cepted. The  firm  of  Easton  &  Anderson,  who  undertook  the 
supply  and  erection  of  hydraulic  machinery,  as  well  as  the 
traversers  for  shunting  vessels,  has  agreed  for  a  specified  sum 
to  work  and  maintain  this  machinery  in  good  order  for  one 
year  from  the  date  of  the  opening  of  the  line,  the  Company  being 
required  to  provide  the  coal. 

The  size  of  vessel  provided  for  is  1,000  tons  register;  the 
maximum  length  would  be  235  feet,breadth  56  feet,draught  15  feet, 
with  a  displacement  of  2,000  tons.  Accommodation  space  for  six 
vessels  of  this  size  has  been  provided  in  the  Basins  at  each  ter- 
minus of  the  Ship  Railway.  This  is  the  only  instance  in  the 
history  of  Canada  where  a  wet  dock  and  harbor  basins  and  dredg- 
ed entrance  channels  have  been  provided  at  the  expense  of  a 
private  company.  The  cost  to  the  Company  of  these  entrance 
channels,  dock  gates,  sea  walls,  basins  and  moles  will  be,  when 
finished,  about  one  million  dollars,  exclusive  of  the  hydraulic- 
lifts. 

The  following  extract  from  Sir  Benjamin  Baker's  description 
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of  the  Chignecto  Ship  Kailway,  as  published  in  the  Nineteenth 
Century  Magazine  for  March,  1891,  cannot  be  improved  upon,  and 
it  is,  therefore,  embodied  in  this  paper : 

"  The  hydraulic  lifts,  when  raised,  form  a  part  of  the  main 
railway  as  regards  line  and  level  ;  and  when  lowered  with  the 
cradle  the  depth  of  water  over  the  keel-blocks  on  the  latter  is 
that  requisite  for  floating  the  vessel  on  the  blocks.  Walls  of 
massive  masonry,  56  feet  in  height  from  foundation  to  quay-level, 
surround  the  hydraulic  lifts.  The  latter  each  consist  of  twenty 
hydraulic  rams  of  25  inches  diameter  and  40  feet  stroke,  enclosed 
in  26-inch  diameter  cylinders  provided  with  stuffing-boxes  at  the 
upper  ends,  and  with  inlet  pipes  for  the  admission  of  water  at  a 
test  pressure  of  1,300  lbs.  per  square  inch.  On  the  top  of  each 
ram  is  a  cross-head,  from  which  hang  two  lifting  links,  con- 
nected at  the  lower  ends  with  the  gridiron  upon  which  the  ship 
and  cradle  rest  when  being  lifted.  The  gridiron,  235  feet  in 
length  and  60  feet  in  width,  consists  of  a  very  stiff  combination 
of  longitudinal  and  cross  girders  made  of  steel  and  firmly  riveted 
together.  "When  lifted  to  the  level  of  the  railway  the  ends  of  the 
cross  girders  are  supported  on  the  quay  walls  by  iron  chock- 
blocks  worked  by  hydraulic  power,  so  that  the  gridiron  then  in 
effect  constitutes  a  solid  part,  as  before  said,  of  the  main  line. 
Hydraulic  pumping  machinery  is  provided  of  sufficient  power  to 
raise  a  vessel  weighing  2,000  tons,  or,  including  the  gridiron  and 
cradle,  a  total  weight  of  3,500  tons,  the  required  height  of  forty 
feet  in  twenty  minutes.  Hydraulic  power  is  also  provided  for 
capstans  and  winches  for  manoeuvring  the  vessels,  and  air-com- 
pressers  are  furnished  for  clearing  the  pipes  and  cylinders  quick- 
ly of  water — a  precaution  specially  necessary  in  a  northern 
climate.  Special  arrangements  are  made  in  the  engine-house  to 
enable  the  engineman  to  ensure  the  equable  and  simultaneous 
motion  of  the  ten  lifting  rams  on  each  side  of  the  deck,  so  that 
no  straining  of  the  gridiron  may  occur. 

"  A  double  line  of  railway  of  the  ordinary  4  feet  8J  inches 
gauge  is  laid  along  the  top  of  the  gridiron,  upon  which  the  ship- 
cradles  are  run.  These  cradles  are  provided  in  sectional  lengths 
of  75  feet  and  57  to  accommodate  vessels  of  ranging  dimensions. 
For  a  ship  of  2,000  tons  dead  weight  three  sections  would  be 
used.  The  cradles,  like  the  gridirons,  are  formed  of  a  rigid 
combination  of  steel  girders  carrying  keel-blocks   and  sliding 
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bilge-blocks  of  tbe  usual  lifting-dock  type.  Each  75  feet  section 
of  cradle  is  supported  on  sixty-four  solid  wheels  of  three  feet 
diameter,  having  double  bearings  and  four  spiral  springs  of  ex- 
ceptional strength.  Unlike  ordinary  ship  cradles,  therefore,  a 
considerable  amount  of  elasticit}T  is  provided  in  the  present  case. 
It  need  hardly  bo  remarked  that  many  interesting  problems  have 
had  to  be  worked  out  in  connection  with  these  cradles  which  it  is 
impossible  to  refer  to  here. 

"  The  order  of  procedure  in  raising  a  vessel  and  transporting  it 
seventeen  miles  across  this  isthmus  to  the  sea  on  the  other  side 
would  be  as  follows  :  A  vessel  coming  up  the  Bay  of  Fundy  on 
the  flood  tide  would  pass  through  the  gate  entrance  into  the 
dock  and  wait  its  turn  to  be  lifted.  If  the  vessel  were  a  '  trader ' 
on  this  route,  its  dimensions  would  have  been  recorded,  and  the 
keel  and  bilge  blocks  would  have  been  got  ready  on  the  cradle, 
telegraphic  notice  having  been  received  of  the  probable  arrival  of 
the  ship.  If  she  were  a  'tramp,'  a  ship's  carpenter  would  have 
to  go  on  board  and  take  some  leading  measurements  for  the 
arrangement  of  the  blocking  on  the  cradle.  The  blocking  being 
arranged,  the  cradle  and  gridiron  would  be  lowered  by  the  hydrau- 
lic rams  into  the  water  and  the  vessel  would  be  hauled  over  it  by 
capstans  and  winches  in  the  usual  way.  The  gridiron  would  then 
be  slowly  raised  until  the  vessel  rested  on  the  keel-blocks  through- 
out her  whole  length,  after  which  the  sliding  bilge- blocks  would 
be  pulled  tight  against  the  ship's  bilge  by  chains  attached  to  the 
blocks  and  carried  up  to  the  quay  on  either  side.  Lifting  would 
then  proceed  until  the  rails  on  the  gridiron  attained  the  same 
level  as  those  on  the  main  line  of  railway,  when,  as  before  ex- 
plained, the  ends  of  the  girders  would  be  securely  blocked.  The 
ship  and  cradle  would  then  be  hauled  off  the  gridiron  on  to  the 
railway  by  powerful  hydraulic  winches,  and  after  a  final  adjust- 
ment of  the  blocking,  the  vessel  would  be  taken  in  hand  by  two 
of  the  giant  locomotives  already  referred  to,  and  be  transported 
across  the  isthmus  on  to  the  hydraulic  lift  on  the  other  side,  where 
the  converse  operations  would  be  effected  to  enable  the  vessel  to 
resume  her  ocean  voyage. 

"  Various  plans  have  been  proposed  from  time  to  time  for  the 
quick  and  efficient  blocking  of  the  curved  surface  of  a  ship's  hull 
to  the  flat  top  of  the  cradle;  Hinge  bilge-blocks,  hydraulic  rams, 
elastic  bags  filled  with  air  or  water,  and  many  other  contrivances 
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have  been  suggested,  but  the  present  universal  practice  in  dock 
ing  or  in  launching  a  ship  is  to  use  simple  wooden  keel  and  bilge 
blocks.  In  docking  a  vessel,  nearly  the  whole  of  the  weight 
conies  on  the  keel  blocks,  and  the  bilge-blocks  are  few  in  number 
and  extend  only  for  about  the  middle  third  of  the  ship's  length. 
In  launching  a  vessel,  the  weight  is  transferred  from  the  keel- 
blocks  on  to  the  launching-ways  on  each  side  of  the  same  by 
means  of  a  couple  of  narrow  cradles  or  bilge-logs,  of  hard  wood 
packed  up  to  the  hull  of  the  vessel  by  soft  wood  filling.  These 
cradles  carry  the  ships  down  the  too  often  imperfectly  bedded 
inclined  launching-ways  at  a  speed  of  some  twelve  miles  an  hour- 
As  the  vessel  is  leaving  the  launching-ways  her  stern  is  water- 
borne  whilst  the  bow  is  pressing  hard  on  the  shore,  but  yet  it  is 
the  rarest  thing  for  any  mishap  to  occur  to  a  vessel  even  under 
this  singularly  rough  treatment.  The  best  way  of  blocking  a 
ship  on  a  railway  cradle  will  be  quickly  determined  after  a  few 
weeks'  experience,  but  at  Chignecto  the  method  adopted  in  the 
first  instance  will  certainly  be  the  well-tried  one  of  timber  keel 
and  bilge-blocks. 

"  Nothing  calls  for  special  notice  as  regards  the  line  of  railway. 
It  is,  as  before  stated,  a  double  line  of  ordinary  gauge,  but  the 
space  between  the  two  lines  is  five  feet  wider  than  usual.  Yery 
strong  steel  rails,  weighing  110  lbs.  per  yard,  and  exceptionally 
large  sleepers,  spaced  very  closely  together,  give  the  required 
support  on  the  ballast  to  the  heavily  laden  ship  cradle.  Xear  the 
Amherst  end  a  long  and  deep  moss  or  bog  had  to  be  crossed,  and, 
as  the  floating  system  adopted  by  Stephenson  for  the  original 
Manchester  and  Liverpool  Eailway  across  Chat  Moss  would  ob- 
viously be  inappropriate  for  the  heavy  loads  of  a  ship  railway, 
there  was  no  alternative  but  to  form  a  solid  rock  embankment 
across  the  bog,  and  this  has  now  been  successfully  completed. 
On  other  parts  of  the  line  there  is  a  heavy  rock  cutting  and  a 
river  bridge,  but  beyond  these  matters  there  are  no  works  of 
importance  on  the  line." 

During  the  construction  of  the  railway  Mr.  E.  L.  Corthell,  C. 
E.,  a  distinguished  American  engineer  of  Chicago,  paid  a  visit  to 
the  Ship  Eailway  for  the  purpose  of  ascertaining  its  merits  and 
to  examine  into  the  facilities  which  Canada  could  provide  for  the 
carrying  trade  of  the  West,  and,  in  a  letter  published  in  the 
Toronto  Globe,  he  reports  as  follows  respecting  the  Ship  Eailway : 
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"  The  entire  work,  in  all  its  general  features,  as  well  as  in  its 
"  details,  has  been  very  carefully  studied  out,  and  the  material 
"  has  been  properly  arranged  and  well  put  together  for  all  of  the 
"  mechanical  work.  I  also  made  careful  inquiries  and  obtained 
"  reliable  data  in  regard  to  the  commercial  features  of  this  pro- 
"  ject.  There  is  no  question,  in  my  opinion,  about  the  entire 
"  success  of  this  work  from  a  commercial  and  financial  point  of 
"  view.  There  is  a  large  commerce  now  existing  which  will 
"  certainly  seek  this  shorter  and  more  economical  route.  The 
"  opening  of  a  line  of  communication  for  ships  across  the  isthmus 
"  will  develope  new  commerce,  and  I  do  not  hesitate  to  predict, 
"  in  view  of  all  that  I  heard  and  saw  in  regard  to  the  commercial 
"  features,  that  within  three  years  from  the  opening  of  the  line  for 
"  business  it  will  have  all  it  can  handle.  A  Company  allied  to 
"  the  Ship  Railway  Company  has  been  formed  in  England  for  the 
"  purpose  of  building  for  this  new  route  several  side-wheel  steam- 
"  boats  adapted  to  the  trade  between  Prince  Edward  Island  and 
"  the  New  Brunswick  and  Maine  coast,  which,  I  have  no  doubt, 
"  will  have  all  the  business  it  can  attend  to." 

Mr.  Corthell  also  in  a  paper  read  before  this  Society  in  Febru- 
ary, 1890,  referring  to  the  Chignecto  Ship  Eailway,  repeated 
that,  "  There  is  no  doubt  in  his  mind  of  the  entire  success  in  the 
"  construction,  operation  and  economy  of  this  railway.  There  is 
'*  nothing  novel  in  the  method  only  in  the  combination  of 
"  methods.  Vessels  are  at  present  raised  out  of  the  water  con- 
"  tinually,  whether  loaded  or  unloaded,  on  hydraulic  lifts  either 
"  by  Marine  Eailways  or  by  Floating  Docks. 

"  The  increasing  size  of  rolling  stock,  both  motive  power  and 
"  freight  cars,  on  ordinary  railroads,  has  proven  the  great  ad- 
"  vantage  in  carrying  greater  and  greater  loads  at  one  time.  A 
"  few  years  ago  10-ton  cars  were  the  rule  in  this  country.  Xow 
"  30  tons  are  becoming  more  and  more  numerous.  Cars  for  still 
"  larger  loads  for  special  purposes  are  becoming  more  and  more 
"  common,  and  the  locomotives  have  increased  in  weight  and 
"  power  from  30  and  40  tons  to  90  and  100  tons,  and  the  cost  of 
<;  transportation  has  been  reduced  from  2|-  cents  to  \  cent  per  ton 
"  mile. 

;'A  Ship  Railway  is  the  logical  result  of  the  continual  im- 
"  provements  in  railroad  methods  from  the  time  of  the  first  rail- 
"  road   to  the  present.      If  it  is  possible  to  raise  vessels  and 
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"  transport  them  overland  with  safety  and  economy,  why  should 
"they  be  compelled  to  make  great  detours  costing  time  and 
"  money  ? 

"If  the  immense  business  between  the  St.  Lawrence  and  the 
••  coast  of  New  Brunswick  and  New  England  can  save  500  to  700 
"  miles  by  operating  a  railway  17  miles  long  across  the  Chig- 
"  necto  Isthmus,  why  should  it  continue  to  take  this  long  and 
"  dangerous  voyage  around  Nova  Scotia  ?" 

According  to  the  official  returns  from  the  Ecport  on  Trade 
and  Navigation  for  the  year  ending  30th  June,  1890,  the  tonnage 
arriving  and  departing  at  the  various  ports  contiguous  to   the 

Ship  Railway  was  as  follows  : — 

Vessels.  Tons. 

Gulf  of  St.  Lawrence 28,787  6,422,976 

Prince  Edward  Island 8,703  1,362,861 

Bay  of  Fundy 33,345  3,855,932 


Grand  Total 70,925  11,641,769 

The  rate  of  increase  for  several  years  has  been  half  a  million 
tons  per  annum  according  to  official  Blue  Books. 

This  tonnage  does  not  include  any  port  west  of  Quebec  or  on 
the  Atiantic  coast  of  the  Peninsula  of  Nova  Scotia.  Although 
the  Ports  of  Portland  and  Boston  might  come  within  the  sphere 
of  trade,  they,  like  Montreal,  Toronto,  and  ports  west  of  Quebec, 
are  omitted  in  the  above  table. 

The  Company's  estimate  of  traffic  is  based  on  only  seven  per 
cent,  of  the  tonnage  of  the  Gulf  and  Bay,  or  800,000  tons. 
Should  the  Ship  Eailway  draw  this  moderate  proportion  of  the 
tonnage  it  is  estimated  that  there  would  be  a  revenue  nearly 
sufficient  to  pay  a  dividend  of  seven  per  cent,  on  the  capital  of 
the  Company  without  calling  on  the  Government  for  any  portion 
of  the  guarantee,  as  appears  from  the  following  figures  : — 
800,000  tons  freight  at  an  average  of  50  cents  per  ton .  ...$400,000 
800,000  tons  vessels'  hulls  at  an  average  of  12 \  cts.  per  ton.  100,000 

Estimated  Eeceipts $500,000 

"Working  expenses  and  administration  as  per  estimate  of 

Sir  B.  Baker,  being  30  per  cent,  of  the  receipts 150,000 

Net  Revenue $350,000 

Setting  apart  the  subsidy  to  provide  interest  on  the  bonds  for 
20  years,  a  traffic  of  only  320,000  tons  at  the  above  rates,  would 

t7 
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provide  7  per  cent,  on  the  preferred  share  capital,  and  7   per 
cent,  on  the  ordinary  share  capital,  thus  : 

320,000  tons  at  the  average  rate  of  50  cents  per  ton $160,000 

320,000  tons  vessels'  hulls  at  the  average  rate  of  12^,  cents 

per  ton 40,000 

Eeceipts $200,000 

Working  expenses,  30  per  cent 60,000 

Net  Eevenue $140,000 

7  per  cent,  on  $1,500,000  preferred  shares $105,000 

7  per  cent,  on  $500,000  preferred  shares  35,000 

Total  dividend $140,000 

The  working  expenses  of  the  Ship  Eailway,  as  compared  with 
a  railway  of  the  ordinary  type,  should  be  very  small  indeed. 
The  line  is  perfectly  straight.  One  half  of  it  is  absolutely  level. 
The  other  half  has  gradients  not  exceeding  10  feet  to  the  mile. 
The  works  are  solidly  built,  the  rails  heavy ;  the  sleepers  of  un- 
usual size;  the  ballast,  broken  rock,  it  is  believed  toe  cost  of 
maintenance  of  way  will  be  reduced  to  a  minimum.  It  may  be 
considered  a  freight  line,  without  the  usual  terminal  expenses. 
The  freight,  that  is  the  vessel  with  its  cargo,  loads  and  unloads 
itself  automatically  on  and  off  the  railway.  The  speed  will  be 
slow,  not  exceeding  ten  miles  an  hour.  Fuel  is  cheap  in  the  coal 
producing  county  of  Cumberland,  Nova  Scotia.  Besides  the  cost 
of  lifting  vessels  to  the  level  Of  the  railway  and  depositing  them 
afterwards  into  the  sea,  which  is  very  small,  the  principal  cost 
will  be  the  locomotive  power,  which  on  ordinary  railways  bears 
the  proportion  of  about  17^  per  cent,  to  the  gross  earnings.  It  is 
believed,  therefore,  that  the  estimate  of  30  per  cent,  for  working 
expenses  is  full.  The  estimate  of  working  expenses  was  based 
on  the  usual  cost  of  maintenance  and  repairs  on  a  double  track 
railway  for  the  whole  year.  Without  any  especial  effort  to 
economize,  the  Ship  Eailway  might  be  worked  for  $50,000  per 
annum,  which  would,  of  course,  permit  of  the  same  profits  with 
very  much  less  tonnage.  A  regular  daily  line  of  steamers 
between  St.  John  and  Charlottetown  over  the  line  of  Ship  Eail- 
way would  contribute  largely  to  the  business  expected.  The 
Chignecto  Steamship  Company  has  been  formed  in  London,  with 
a  capital  of  £60,000,  for  this  purpose ;   the  untoward  financial 
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crisis  so  far  has  prevented  this  object  from  being  consummated, 
but  it  is  steadily  kept  in  view. 

The  tolls  to  be  charged  on  the  Ship  Railway  must  be  sanction- 
ed by  the  Governor-General  in  Council  before  being  levied  and 
collected  by  the  Com  pan}-. 

The  estimated  average  rate  of  fifty  cents  per  ton  is  therefore 
only  suggested  as  the  probable  rate  that  the  Government  would 
be  inclined  to  sanction  for  the  freight  carried,  for  it  is,  in  fact, 
very  similar  to  the  charges  prevalent  on  the  "Welland  Canal? 
which  have  been  levied  by  the  Government  itself.  The  proposed 
rates,  which,  although  they  amount  in  the  average  to  half  a 
dollar  a  ton,  will  scarcely  be  felt  when  levied  on  the  bushel  or 
barrel  by  the  shipper,  who  is  accustomed  to  the  high  freights 
levied  by  the  foreign  steam  lines  running  through  the  Straits  of 
Canso  to  Boston.  At  this  rate  one  dollar  will  be  saved  on  all 
freight  going  round  to  St.  John  by  water.  The  freight  from  St. 
John  to  Baie  Verte  being  $2.50  per  ton,  while  that  to  the  head 
of  the  Bay  of  Fundy  is  one  dollar  per  ton,  there  is  a  difference  of 
$1.50  per  ton,  and  deducting  50  cents  per  ton  for  the  transport 
across  the  Isthmus,  there  is  one  dollar  saved  in  the  freight,  not 
to  count  the  saving  of  time  and  insurance. 

The  charges  on  freight  cargoes  would  be  at  the  same  rate,  no 
matter  by  what  description  of  vessel  carried,  but  the  rates  on  the 
hull  would  probably  be  required  to  be  on  a  sliding  scale  accord- 
ing to  the  size  of  the  vessel,  the  highest  rate  being  on  the 
smallest  vessels,  because  a  small-sized  vessel  would  occupy  the 
railway  as  long  as  a  lai-ge  sized  one,  and  the  revenue  otherwise 
obtainable  from  small  vessels  would  not  bring  a  profit  to  the 
Company.  The  estimated  proposed  average  rate  of  12J  cents 
per  ton  would  be  a  fair  rate  to  charge  on  hulls  as  compared  with 
that  on  Canals  where  the  cost  of  towage  is  considered ;  the  latter 
being  done  on  the  Ship  Bailway  by  locomotives  and  on  the 
Canals  by  steam  tug-boats. 

Respecting  the  time  to  be  saved  and  the  safety  of  vessels  on 
the  Ship  Railway,  no  less  than  twenty-four  prominent  firms  of 
shipowners  in  London  and  Liverpool,  having  experience  of  the 
coast  of  Nova  Scotia,  have  certified  that  a  saving  of  ten  days 
would  generally  be  made  by  sailing  vessels  clearing  from  ports 
on  the  Gulf,  and  making  for  St.  John,  Portland  and  Boston,  by 
using  the  Ship  Railway,  and  so  avoiding  the  weathering  of  Cape 
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North  and  Cape  Canso,  as  by  present  route.  They  have  certified 
also  that  loaded  vessels  would  not  be  injured  on  the  Eailway,  if 
supported  on  a  cradle  such  as  is  used  on  all  marine  slips. 

The  most  prominent  naval  architects  of  the  day,  SirB.  J.  Eeed, 
the  late  Sir  William  Pearce,  Sir  Nathaniel  Barnaby,  and  Mr. 
William  John,  all  certify  to  there  being  no  danger  to  the  ship  nor 
cargo  during  transportation  from  sea  to  sea. 

Mr.  Bindon  B.  Stoney,  the  authority  on  "strains,"  says,  "  A 
ship  resembles  a  tubular  structure,  more  or  less  rectangular  in 
section,  underneath  which  the  points  of  support  are  continually 
moving,  so  that  when  the  waves  are  high  and  far  apart  the  deck 
and  bottom  of  the  vessel  are  alternately  extended  and  compressed, 
in  the  same  way  that  the  flanges  of  a  continuous  girder  are,  near 
the  points  of  inflection,  when  traversed  by  a  passing  train."  No 
such  strain  as  this  is  possible  on  the  Ship  Bailway. 

There  is  reason  to  believe,  therefore,  that  the  Ship  Bailway, 
when  completed,  will  be  an  undoubted  success  in  every  way,  and 
become  the  pioneer  of  many  works  of  like  character. 

In  conclusion,  the  author  would  allude  to  the  assiduous  care 
and  attention  bestowed  on  this  work  by  his  colleagues,  Sir  John 
Fowler  and  Sir  Benjamin  Baker,  the  engineers  who  designed 
and  carried  to  a  successful  completion  the  equally  novel  enter- 
prise of  the  Forth  Bridge.  Without  their  powerful  aid  and  co- 
operation the  work  could  hardly  have  reached  its  present  ad- 
vanced state  of  progress.  Should  it  be  the  success  we  anticipate 
Mr.  Meiggs  also,  who  undertook  to  raise  the  capital  in  England, 
as  well  as  to  contract  for  the  execution  of  all  the  works,  will  be 
entitled  to  a  principal  share  of  the  credit  which  should  attach  to 
the  inauguration  of  a  new  and  economic  system  of  transportation 
for  the  benefit  alike  of  Canada  and  the  whole  world. 
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CORRESPONDENCE. 

Mr.  William  Smith,  M.  Inot.,  C.  E.,  of  Aberdeen,  said  he  was 
glad  to  take  the  opportunity  provided  by  the  discussion  upon  the|^-t]^llliam 
subjects  of  Mr.  Ketchum's  admirable  papers,  to  give  a  short  de- 
scription of  the  system  of  curved  and  graded  Ship  Kail  way,  advo- 
cated during  the  last  five  years  by  the  writer  and  illustrated  very 
fully  by  a  4-linc  Ship  Railway  of  7  feet  aggregate  gauge  and 
1,200  feet  in  length  laid  in  the  grounds  of  Edinburgh  Exhibition, 
1890,  and  worked  successfully  during  the  four  months  of  the 
Exhibition  after  it  was  ready.  The  plan  and  section  *  show  the 
railway  laid  on  gradients  of  1  in  20  to  1  in  75  with  ten  distinct 
changes  of  gradient,  and  the  curves  were  laid  to  a  radius  of  95 
feet.  The  wood-cut,*  copied  from  a  photograph,  shows  a  boat  33 
feet  long  afloat  upon  the  hydraulic  cushions  in  the  car  which  is 
supported  by  trains  of  bogies.  The  flexibility  of  the  car,  the 
segments  of  which  are  hinged  together  to  allow  free  vertical 
movement,  allows  it  to  run  easily  over  the  change  of  gradient 
shown  by  the  railway  on  trestlework  in  the  picture.  The  flexi- 
bility of  the  bogie  trains  laterally  (only  one  bogie  in  each  of  the 
four  trains  being  centre-pinned  to  the  car  frame),  allows  the  car 
to  run  easily  round  the  railway  curves. 

It  is  impossible  for  any  vibration  to  be  transmitted  through  the 
water  to  the  vessel.  This  was  demonstrated  thoroughly  by  the 
large  working  exhibit  at  Edinburgh  where  a  38-foot  boat  con- 
taining 40  passengers,  was  sailed  regularly  along  the  Union 
Canal  shipped  on  the  car  in  one  and  a  half  minutes,  hauled  along 
the  railway  in  7  minute*,  and  launched  on  the  Canal  again  with- 
out stopping  its  way.  Since  Mr.  Ketchum's  objection  was  first 
suggested  by  Mr.  Hurtzig  at  the  London  Chamber  of  Commerce 
on  the  occasion  of  the  writer's  lecture  there  in  1889,  the  Edin- 
burgh Exhibition  Ship  Railway  has  completely  demonstrated 
the  practical  nature  of  the  system  invented  by  the  writer.  It  is 
somewhat  curious  that  the  only  objection  suggested  by  Mr.  Ket- 
chum  to  the  writer's  system,  namely,  the  fear  of  transmission  of 
vibration  to  the  ship,  is  the  great  and  inevitable  danger  of  the 

*  See  page  317. 
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block  system  adopted  at  Chignecto.  The  attempt  to  transmit 
vibration  through  a  bag  of  water  is  about'  as  feasible  as  an  at- 
tempt to  carry  that  fluid  in  a  sieve. 

There  is  no  doubt  as  to  the  immense  place  to  be  filled  in  the 
transport  of  ships  by  curved  and  graded  Ship  Railways.  The 
mechanical  advantages  of  these  are  : — 

1.  The  ships  are  always  waterborne. 

2.  The  car  is  flexible  vertically  to  take  changes  of  gradient. 

3.  The  wheel  base  is  flexible  laterallv  to  take  carves,  etc. 

4.  The  hydraulic  cushions  are  not  exposed  to  bursting  pressure 
or  damage. 

5.  The  car  may  be  readily  adapted  to  various  sized  ships. 

6.  The  lines  of  vessels  are  automatically  fitted  in  the  car  by 
the  hydraulic  cushions. 

7.  The  ship  floats  on  and  off  the  car  without  adjustment. 

8.  The  ship  is  fixed  against  horizontal  movement  in  the  car  by 
the  frictional  adhesion  of  the  cushions. 

9.  There  is  no  vibration  or  jolting  communicated  to  the  ship 
from  the  motion  of  the  wheels. 

10.  Locks,  lifts,  and  turntables  or  traversers,  are  dispensed  with. 

11.  A  high  speed  is  attainable  with  safety. 

12.  The  Ship  Eailway  may  be  economically  widened  by  laying 
additional  lines  for  larger  ships. 

13.  Ordinary  railway  traffic  may  be'conducted  simultaneously 
with  the  passage  of  ships  over  the  Ship  Eailway. 

The  enormous  economic  advantages  resulting  from  these  me- 
chanical improvements  make  the  financial  success  of  Ship  Rail- 
ways on  a  great  scale  appear  certain. 

Economical  Advantages. 

1.  Saving  on  cost  of  construction. 

2.  Saving  on  transfer  of  goods  in  large  bulk. 

3.  Saving  in  sailing  distances  and  time. 

4.  Saving  in  cost  of  haulage  and  service. 

5.  Gfain  by  increased  capacity  for  traffic. 

6.  Saving  of  dock  and  terminus  space. 

7.  Capability  of  economical  branching  by  enlargement  or  con- 
traction of  aggregate  gauge  for  larger  or  smaller  ships,  or  ordin- 
ary railway  traffic. 

8.  Saving  of  insurance  by  keeping  vessels  waterborne  on  land 
in  perfect  safety. 
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1.  Saving  on  cost  of  construction.— The  cost  of  construction  of  a 
ship  canal  from  10  to  26  feet  deep,  or  500  to  4,000  tons  burthen, 
has  varied  from  £100,000  to  £200,000  per  mile.  The  Manchester 
Ship  Canal,  constructed  on  the  most  approved  scientific  prin- 
ciples, with  the  help  of  every  modern  labour  saving  appliancer 
estimated  at  £7:000,000,  has  actually  cost  over  £12,000,000.  The 
estimated  rate  was  £200,000  per  mile,  the  actual  rate,  £343,000 
per  mile.  A  Ship  Railway  of  equal  tonnage  size,  and  owing  to 
greater  speed  of  transit,  five  times  its  tonnage  capacity,  is  estim- 
ated at  £86,000  per  mile,  and  the  actual  rate  of  cost  of  construc- 
tion would  not  vary  more  than  10  per  cent  of  the  estimate,  the 
work  being  nearly  all  above  ground.  The  ratio  of  the  cost  of  a 
Ship  Eailway  to  that  of  a  Canal  to  take  equally  large  ships  is 
generally  estimated  at  one-fourth,  and  is  much  more  exactly  as- 
certainable beforehand. 

2.  Saving  on  transfer  of  goods  in  large  bulk. — The  finest  field  for 
the  introduction  of  Ship  Eailways  lies  in  conferring  the  immense 
advantages  of  direct  oceanic  trade  upon  large  inland  trading  and 
manufacturing  cities  like  Birmingham  or  Leeds.  Every  one  of 
these  inland  cities  may  be  converted  into  a  first  class  seaport  by 
the  Ship  Eailway.  The  cost  of  transfer  of  goods  from  one  vehicle 
to  another  is  not  merely  the  6d.  or  Is.  per  ton  actually  charged 
for  stevedoring.  There  are  demurrage  of  both  vehicles,  damage 
to  goods  from  handling,  terminals  for  storage  and  covering,  har- 
bour and  dock  dues,  and  petty  local  charges.  The  saving  on 
transfer  of  goods  to  be  effected  by  Ship  Eailways  is  really  mea- 
sured by  the  difference  between  the  cost  of  canal  barge  carriage 
and  ordinary  railway  trucking,  which  averages  in  England  Id. 
per  ton  per  mile. 

3.  Saving  in  sailing  distances  and  time. — The  demurrage  and 
expenses  of  a  steamer  carrying  4,000  tons  of  cargo  is  £75  per  day. 
Where  a  saving  is  possible  under  this  head  by  the  construction 
of  a  Ship  Canal,  at  least  three  times  the  amount  can  be  saved  by 
a  Ship  Eailway  carrying  on  the  traffic  more  than  three  times  as 
fast.  The  saving  of  £525  for  a  week's  steaming  and  demurrage 
of  a  4,000  tons  vessel  amounts  to  2s.  7d.  per  ton,  which  maybe 
effected  by  the  construction  of  a  Ship  Eailway  across  the  middle 
of  Britain,  or  the  south  of  France. 

4.  Saving  in  cost  of  haulage  and  service. — The  increase  of  the 
unit  of  mass  from  the  truck  up  to  the  ship  load,  that  is,  from  6 
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to  4,000  tons,  cheapens  the  cost  of  haulage  and  service.  The  cost 
for  fuel  of  hauling  a  vessel  containing  4,000  tons  of  cargo  would 
not  exceed  2s.  per  mile  with  coal  at  10s.  per  ton ;  service  would 
thus  cost  only  three  times  that  of  an  ordinary  train,  or  7s.  6d  per 
train  mile;  so  that  the  haulage  of  4,000  tons  Ship  Railway  freight 
would  cost  o^rd  of  a  penny  per  ton  per  mile  for  working  ex- 
penses— about  the  same  as  the  cheapest  ocean  freight.  Cost  of 
general  management  with  interest  or  dividends  on  capital  have 
to  be  added.  From  ^th  to  l-12th  of  a  penny  per  ton  per  mile  is 
the  average  cost  of  transit  estimated  on  Ship  Railways.  The 
cost  per  ordinary  rail  in  England  is  Ifd.  per  ton  per  mile,  in  the 
United  States  of  America  and  on  the  continent  of  Europe  a  little 
over  Jd.  per  ton  per  mile.  The  Suez  Canal  rates  are  Id.  per  ton 
per  mile. 

Mr.  W.  R.  Kinipple,  M.  Inst,  C.E.,  London,  reports : — "Sir 
"  E.  I.  Reed  and  myself  examined  the  system  (Mr.  Smith's  Ship 
"  Railway  at  Edinburgh  Exhibition)  carefully ;  had  the  boat 
"  shipped  on  to  the  car,  transported  over  the  railway,  and  unship- 
"  ped  at  the  other  end.  We  paid  especial  attention  to  the  action 
"which  took  place  at  changes  of  curvature  and  gradient,  and  we 
"  are  both  of  opinion  that  the  system  is  a  thoroughly  practical 
"one,  and  that  by  means  of  it  vessels  of  largo  tonnage  can  be 
"safely  transported  over  land.  The  advantages  of  this  S37stem 
"  of  transport  are  so  obvious  that  it  seems  almost  unnecessary  for 
"me  to  refer  to  them.  Wherever  an  ordinary  railwaj7  is  feasible 
"  a  (curved  and  graded)  Ship  Railway  can  also  be  constructed, 
"  and  vessels  conveyed  overland  from  sea  to  sea,  or  inland  to  any 
"  destined  point.  It  has  all  the  merits  of  a  Ship  Canal,  with  the 
"great  advantages  of  the  cost  per  mile  being  a  mere  fraction  of 
"  a  canal,  whilst  its  traffic  capacity  would  be  greater  as  the  speed 
"  of  transit  would  be  higher.  As  iswell  known  there  are  many 
"  places  where  Ship  Canals  would  be  most  serviceable,  yet  the 
"  elevation  and  other  features  of  the  country  to  be  traversed  are 
"  such,  that  although  presenting  no  difficulty  in  regard  to 
"  (curved  and  graded  ship)  railway  construction,  they  are  prohi- 
bitive for  canals  (or  rigid  car  Ship  Railwa}*s)  on  account  of  the 
"  great  cost  of  locks  or  lifts,  viaducts,  embankments,  etc.,  which 
"  would  be  required.  For  such  places  the  (curved  and  graded) 
"  Ship  Railway  is  eminently  suited,  as  there  would  practically  be 
"  no  extra  expense  in  construction  on  account  of  difference  of 
"  level  along  the  route  to  be  traversed." 
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The  Council  of  the  Edinburgh  Exhibition  awarded  the  writer 
the  highest  prize  for  his  exhibit  of  a  working  Ship  Railway,  the 
Diploma  of  Honour. 

The  plans  and  description  of  a  Ship  Railway  on  the  writer's 
system  to  be  laid  across  the  Isthmus  of  Tarbet  1-j-  miles  long,  to 
convey  vessels  up  t<>  2,000  tons  register  have  just  been  prepared 
to  submit  to  the  promoters.  It  is  expected  that  the  total  cost  of 
the  "  Argyll  Ship  Railway,''  with  hauling  engines,  gear,  and  cars 
will  be  £120,000,  while  it  may  be  constructed  in  twelve  months. 

The  completion  of  the  Chignecto  and  the  Argyll  Ship  Rail- 
ways will  lead  to  the  undertaking  of  the  Forth  and  Clyde  Ship 
Railway,  and  many  other  enterprises  of  similar  or  greater  mag- 
nitude and  utility. 


TABLE  ON  FLOW  AND  DISCHARGE  OF  SEWERS. 
By  Edward  Mohun,  M.  Can.  Soc.  C.  E. 

In  a  paper  by  Mr.  Rudolph  Hering,  "  A  Formula  for  the  Mean 
Velocity  of  Flow  in  Sewers,"  Mr.  Hering  shows  how  the  some- 
what elaborate  formula  of  Kutter  may  he  much  simplified  with- 
out appreciably  affecting  the  results  ;  and  where  as  has  been 
found  in  most  instances  to  be  the  case,  N  =  0.013  the  formula 
becomes 

1 88   R  s/S     Jn  which  V  =  velocity  in  feet  a  second,  S  —  fall 


0.64-4-  .y/R      'n  un^y  !  an(i  R  —  hydraulic  mean  radius. 

In  the  following  table,  deduced  from  the  above  formula  for  the 
velocity  and  discharge  of  circular  sewers  running  half  full,  in 
order  to  obtain  the  velocity  in  feet  per  second,  multiply  the  upper, 
— and  to  obtain  the  discharge  in  gallons  per  hour,  multiply  the 
lower  figures  both  by  v/S  taken  from  the  Table. 

In  Egg  shaped  sewers  in  which  the  depth  of  the  sewer  equals 
three  times  the  radius  of  the  larger  and  six  times  the  radius  of 
the  smaller  circle,  it  is  invariably  the  case  that, — 

Running  i  full  R  =  0.4132  r;  P  =  2.7494  r;  A  =  1.1360521  r* 
|   "    R  =  0.6314  r ;  P  =  4.78829  r  ;  A  =  3.02332  r 
"     R=  0.579341  r;  P  =  7.929883  r;  A=  4.591195  I 

where  R  =  hydraulic  mean  radius  ;  P  =  perimeter;  A  —  area; 
and  r  =  the  radius  in  feet  of  the  larger  circle. 
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Now   let  v  =  velocity  in   feet  per  second ;  o  =  discharge   in 

cubic  feet  per  hour ;  s  =  fall  in  unity  ;  and  r  =  radius  of  larger 
circle  in  feet.     We  have 


Eunning  J  full  v  == 


77.6S  r  N/s 


0.633+0.6428^1- 


and  c  = 


317711rVs 
0.633+0.6428v*r 


2      (( 


=        118.7  r  y/s        and  c  =     1291931  rVs 


0.633+0.7946^1- 

108.92  l-y/.r 
0.633+0.7611v/r 


and  c: 


0.633-f0.7946Vr 

1801428i-3  ^/r 
0.633+0. 7611v/r 


And  the  values  of  ^/s ;  r ;  y/  r ;  and  rs  may  be  obtained  by 
inspection  from  the  Table. 

The  radius,  E  of  the  connecting  arc  d,  f,  (see  Figure)  may, 
whatever  are  the  relative  proportions  of  the  two  circles,  always 
be  found  by  the  formula 

a2  -f-  b2  —  c2 


E  = 


2(a-c) 
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Circular 
Sewers. 

Fall. 

x/s 

Egg  shaped  Sewers. 
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r 
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rs 

Diam. 
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0" 

x  V 

6" 

0.5000 

0.7071 

0.1250 

o// 

/       9.28 
\       2271 
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1 
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60 
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1 

4 
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0 

0.6667 
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3" 

f        13.2 

70 
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1 

6 

x  2 

3 
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\       7270 

SO 
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1 

8 

x  2 

6 
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0.5787 
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f     16.87 

90 
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1 

10 

x  2 

9 

0.9167 
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\     16510 
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2 

0 
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0 
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6" 

/      23.65 
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2 

2 
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3 

1.0833 
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2 

4 
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6 
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S" 
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2 

6 
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9 
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1.9531 
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2 

8 

x  4 

0 
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9" 
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2 

10 
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3 

1.4167 
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0 

0 

x  4 

6 
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0.0*030 

,3 

2 
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9 
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3 

4 

x  5 

0 
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3 

6 
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3 
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3 

8 
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6 
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/     46.47 
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3 

10 
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9 
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1.3844 
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0  04472 

4 

0 
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0 

2.00001-4140 

8.0000 

15" 
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|4 

2 
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0 
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,4 
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6 
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JOHN  HAWKSHAW  was  born  in  1811,  in  the  West  Riding  of 
Yorkshire,  where  his  father's  family  for  some  generations  were 
farmers  in  the  neighbourhood  of  Otle\*,  Learly  and  Bramhope. 
He  was  educated  at  the  Leeds  Grammar  School,  but  left  it  at  an 
early  age,  and  was  engaged  for  about  five  }Tears  under  Mr.  Chas. 
Fowler,  chiefly  in  the  construction  of  turnpike  roads  in  that 
neighbourhood  in  place  of  the  old  and  circuitous  ones  which 
were  difficult  and  dangerous  to  travel  upon.  The  Leeds  and 
"Whitehall,  the  Holme  Lane  End  and  Heckmondwike,  the  Lews- 
bury  and  Batley  Turnpike  Roads  were  among  those  constructed 
during  that  period. 

Before  he  was  twenty  years  old  Mr.  Hawkshaw  became  an 
assistant  to  Mr.  Alex.  Nimmo,  the  well  known  Civil  Engineer, 
who  was  then  chiefly  engaged  on  piers,  harbours  and  other 
public  works  in  Ireland.  In  1830  and  the  two  following  years 
Mr.  Nimmo  surveyed  the  projected  railway  from  Liverpool  via 
Leeds  to  the  Humber.  The  proprietors  of  this  railway  pur- 
chased the  Manchester,  Bolton  and  Bury  Canal  navigation,  and 
succeeded  in  obtaining  an  Act  for  a  railwa}-  along  the  course  of 
that  canal,  but  failed  to  obtain  powers  for  the  remainder  of  the 
scheme. 

After  the  death  of  Mr.  Nimmo,  Mr.  Hawkshaw,  in  July,  1832, 
made  an  engagement  to  take  charge  of  the  works  of  the  Bolivar 
Mining  Association,  which  were  situated  in  Venezuela,  about  200 
miles  from  Caracas.  He  remained  there  for  nearly  three  years, 
being  chiefly  occupied  in  improving  the  navigation  of  the  River 
Aroa,  which  he  adapted  for  navigation  by  flat  bottomed  boats, 
and  in  making  communication  between  the  mines  and  the  Aroa, 
and  generally  in  superintending  the  operations  of  the  Associa- 
tion. The  mines,  situated  near  St.  Felipe,  produced  copper. 
They  were  wrought  by  adits  driven  from  the  mountain  side  into 
the  lode,  which  was  of  great  thickness  and  very  rich.  The 
climate  was  so  unhealthy  that  many  of  the  English  miners,, 
chiefly  picked  men  from  Cornwall,  died,  as  did  also  the  doctors  -T 
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and  Mr.  Hawkshaw  had  not  only  to  perform  the  duties  of  the 
latter  as  best  he  could,  but  he  also  officiated  at  their  burial.  The 
house  at  which  he  lived  at  the  mines  not  only  still  exists,  but 
bears  his  name.  Shortly  after  he  left  all  the  occupants  of  it 
were  murdered,  and  the  house  has  remained  uninhabited  since. 

Eepeated  attacks  of  fever  and  ague  compelled  Mr.  Hawkshaw 
to  return  to  England  in  1834,  when  he  was  engaged  for  some 
time  in  the  Liverpool  Dockyard  under  Mr.  Jesse  Hartley. 
Afterwards  he  was  for  a  short  time  in  the  office  of  Mr.  James 
Walker,  who  was  then  newly  elected  President  of  the  Institution. 
Whilst  with  Mr.  Walker  he  laid  out  the  Leipsic  and  Dresden 
Eailway. 

In  1836,  the  year  in  which  Mr.  Hawkshaw  became  an  Associate 
of  the  Institution  of  Civil  Engineers,  he  was  requested  by  the 
Directors  of  the  Manchester,  Bury  and  Bolton  Canal  Navigation 
and  Railway  to  take  charge  of  their  works  and  of  the  completion 
of  the  railway,  which  was  at  that  time,  from  various  causes,  only 
about  one-half  finished.  Completed  under  his  superintendence, 
the  railwa}7"  was  opened  for  public  traffic  towards  the  end  of 
1838,  and  Mr.  Hawkshaw,  on  the  7th  August,  was  transferred  to 
full  member  in  the  Institution  of  Civil  Engineers. 

In  the  same  year  Mr.  Hawkshaw  was  called  upon  by  the 
Directors  of  the  Great  Western  Eailway  to  report,  in  conjunction 
with  Mr.  Nicholas  Wood,  on  the  desirability  or  otherwise  of 
maintaining  the  broad  gauge  on  the  Great  Western  Eailway 
system.  His  report  was  adverse  to  the  maintenance  of  the 
broad  gauge,  chiefly  on  the  ground  of  the  inconvenience  it  would 
occasion  in  the  future  extension  of  railways.  Although  his 
advice  was  not  followed  at  the  time,  subsequent  events  have 
fully  proved  the  soundness  of  his  views.  These  remained  un- 
altered throughout  his  life,  and  he  gave  expression  to  them  on 
many  subsequent  occasions  when  break  of  gauge  arose,  notably 
in  1872  and  1873,  when  the  Indian  Government  adopted  a  resolu- 
tion to  alter  the  gauge  of  the  Indian  railways.  A  reference  to 
the  discussion  on  Mr.  Thornton's  paper  will  show  how  the  whole 
weight  of  engineering  opinion  was  in  agreement  with  Mr.  Hawk- 
shaw, and  against  a  break  of  gauge,  scarcely  any  engineers  of 
note  supporting  the  official  view. 

Soon  after  the  completion  of  the  Manchester,  Bolton  and  Bury 
Eailway  in   1838,  the  canal,  which  was  only  adapted  for  the 
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passage  of  narrow  boats,  7  feet  wide,  of  shallow  draught  of  water, 
was  deepened  and  widened  so  as  to  admit  of  boats  of  14  feet 
beam,  drawing  Ah  feet  of  water.  In  1844  Mr.  Hawkshaw  became 
the  consulting  engineer  to  the  Manchester,  Bury  and  Rossendale 
Company,  formed  for  the  construction  of  a  railway  into  Rossen- 
dale, which  was  afterwards  expanded  into  the  East  Lancashire 
Railway  Company. 

The  following  year,  1S45,  he  became  chief  engineer  of  the 
Manchester  and  Leeds  Railway  Company,  which  was  the  nucleus 
of  the  Lancashire  and  Yorkshire  Railway  Company,  incorporated 
under  an  Act  of  Parliament  passed  in  1847.  Mr.  Hawkshaw 
held  the  post  of  consulting  engineer  to  the  Lancashire  and 
Yorkshire  Railway  Company  until  he  retired  from  practice  in 
December,  1888.  During  his  earlier  connections  with  that  com- 
pany he  constructed  the  Manchester  and  Bolton,  the  Liverpool, 
Ashton  and  Stalybridge,  the  West  Riding  Union,  the  Sheffield, 
Barnsley  and  Wakefield,  the  Liverpool  and  Bury  Extension,  and 
other  railways  connected  with  the  Manchester  and  Leeds  line, 
which  now  constitute  part  of  the  Lancashire  and  Yorkshire  .sys- 
tem. The  difficult  nature  of  the  district  through  which  some  of 
these  railways  pass  made  it  desirable  to  adopt  steeper  gradients 
than  had  hitherto  been  attempted  or  worked.  When  the  West 
Riding  Union  Railway  was  under  discussion  a  contest  took  place 
on  the  question  of  gradients,  in  which  Mr.  Hawkshaw  was 
opposed  to  Mr.  Robert  Stephenson,  a  contest  which  equalled  in 
severity  and  importance  that  on  the  question  of  the  gauges.  Mr. 
Hawkshaw  clearly  proved,  in  face  of  much  opposition,  the  practi- 
cability of  introducing  steeper  gradients,  and  the  advantage  of 
doing  so  even  when,  b}T  taking  a  more  circuitous  route,  easier 
inclines  could  be  secured.  On  the  Oldham  Branch  (1839)  there 
was  an  incline  of  1  in  27,  which  was  worked  by  rope  traction 
until  1853.  The  Hunts  Bank  incline  (1839)  was  1  in  47,  and  on 
the  West  Riding  Union  Railway  (1847)  there  was  an  incline  of 
1  in  50.  The  soundness  of  the  views  advocated  by  Mr.  Hawk- 
shaw on  the  question  of  steeper  gradients  is  now  generally 
admitted,  and  their  recognition  has  led  to  the  rapid  extension  of 
railways  in  all  parts  of  the  world. 

Amongst  some  of  the  important  works  designed  by  Mr.  Hawk- 
shaw in  the  Lancashire  and  Yorkshire  district  may  be  mentioned 
the  Lockwood  Viaduct,  a  stone  structure  of  fine  proportions.    On 
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one  occasion,  at  a  time  when  two  important  viaducts,  the  Denby 
Dale  and  Holmfirth,  were  about  to  be  begun,  the  masons  struck. 
Mr.  Hawkshaw  at  once  prepared  designs  for  timber  structures, 
which  were  completed  without  delay.  These  viaducts  were 
rebuilt  of  stone  in  1877 ;  when  this  was  done  it  was  calculated 
that  the  new  structures  were  wholly  paid  for  by  the  saving  in 
interest  due  to  the  smaller  capital  expended  in  the  first  instance 
when  the  change  was  made  from  stone  to  timber.  The  Liver- 
pool and  Bury  and  "Wigan  viaducts  were  also  of  timber. 

In  1850,  Mr.  Hawkshaw  removed  from  Manchester  to  33  Great 
George  Street.  "Westminster,  where  he  remained  until  the  close 
of  his  professional  career ;  at  first  alone,  and  from  1870  in  part- 
nership with  his  son,  Mr.  J.  C.  Hawkshaw,  and  his  former  chief 
assistant,  Mr.  Harrison  Hayter.  In  1873  he  received  the  honour 
of  knighthood. 

During  thirty-eight  years  pi'ofessional  practice  in  London  he 
was  constantly  employed  in  designing  and  superintending  engi- 
neering works,  and  in  reporting  and  advising  as  to  their  practi- 
cability, not  only  in  this  country,!  but  in  many  other  parts  of  the 
world.  His  practice  was  not  confined  to  any  special  branch  of 
professional  work.  During  that  time  he  was  in  constant  request 
as  a  witness  before  Parliamentary  Committees,  and  as  an  arbi- 
trator in  important  cases.  He  was  twice  appointed  sole  Royal 
Commissioner,  and  served  on  more  than  one  Committee  appoint- 
ed by  the  Government. 

In  dealing  with  his  professional  career  between  1850  and  1S88, 
it  will  be  more  convenient  to  set  forth  his  more  important  work, 
not  in  order  of  time,  but  to  classify  it  under  the  following  heads  : 
±tr.ilway.H;  tunnels,  viaducts  and  bridges,  canals,  harbours,  forts, 
docks,  waterworks,  town  drainage,  land  drainage,  river  improve- 
ments, floods  prevention,  Eoyal  Commissions,  Committees  ap- 
pointed by  Government  departments,  arbitration. 

His  connection  with  the  railways  of  Lancashire  and  Yorkshire 
began  in  1830,  and  from  1836  to  1888,  a  period  of  fifty-two  years, 
he  was  continuously  chief  or  consulting  engineer  for  the  Lanca- 
shire and  Yorkshire  Railway  system.  During  that  time  he  was 
consulted  by  the  Company  as  to  every  important  work  ;  he  sup- 
ported and  defended  their  bills  before  Parliamentary  Committees, 
and  opposed  those  of  other  companies  which  were  antagonistic 
to  the  Lancashire  and  Yorkshire  Company's  interests. 
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Sir  John  Eawksh aw  constructed  tho  Charing  Cross  and  Cannon 

Street  railway.-,  now  an  integral  part  of  the  South-Eastern  Kail- 
way,  of  which  system  he  was  consulting  engineer  from  1861  to 
1881.  Probably  the  three  miles  of  the  Charing  Cross  Railway 
are  the  most  costly  in  existence,  including  as  they  do  two  large 
bridges  over  the  Thames,  and  two  first-class  terminal  stations. 

lie  constructed  the  Riga  and  Duneburg  and  Witepsk  Railways 
in  Russia  between  the  years  1858  and  1867.  During  that  time 
he  frequently  visited  the  works.  On  his  first  visit  to  Riga,  before 
the  works  were  begun,  he  posted  from  Riga  to  Witepsk  and  bade. 
arranging  his  stages  so  that  the  ground  passed  over  by  night  in 
going  was  traversed  by  day  on  the  return  journey.  In  1871,  at 
the  request  of  Messrs.  Baring's,  he  reported  on  the  Moscow  and 
Koursk  Railway  after  the  line  had  been  inspected  by  Mr.  Hayter 
and  Mr.  J.  C.  Hawkshaw. 

The  East  London  Railway,  which  connects  the  railways  south 
of  the  Thames  with  those  on  the  north  side  by  means  of  the  elder 
Brunei's  Thames  Tunnel,  was  also  his  work.  It  presented  unusual 
difficulties,  passing  as  it  does  beneath  Shadwell  basin,  the  Lon- 
don docks,  and  at  a  considerable  depth  beneath  the  brick  viaduct 
of  the  Blackwell  Railway.  The  brick  tunnel  under  this  basin 
was  built  in  a  cofferdam.  By  an  agreement  with  the  Dock  Com. 
pan}-  this  dam  could  only  be  made  to  extend  half  way  across  the 
basin  at  one  time,  and  be  just  of  sufficient  width  to  admit  of  the 
brickwork  being  built  within  it.  When  one  half  of  the  tunnel 
was  completed  the  dam  had  to  be  removed  before  the  other  half 
could  be  begun.  The  difficulty  of  effecting  a  junction  between 
the  old  work  and  the  new  beneath  the  dock  bottom,  which  con- 
sisted of  Thames  gravel,  can  be  well  imagined. 

In  conjunction  with  Mr.  J.  Wolfe  Barry,  he  was  engineer  to 
the  Joint  Committee  of  the  Inner  Circle  Completion  Railway,  by 
which  the  District  Railway  at  the  Mansion  House  was  connected 
with  the  Metropolitan  Railway  at  Aldgate,  a  most  complicated 
and  troublesome  work. 

He  constructed  the  Staines  and  Wokingham  Railway  in  the 
years  1853-57,  including  the  bridge  across  the  Thames  at  Staines. 

He  was  consulting  engineer  for  the  Mauritius  railways,  begun 
in  1862,  and  for  railways  in  Jamaica. 

In  India  he  was  consulting  engineer  for  the  Madras  Railway 
from  1857  to  1888,  and  to  the  Eastern  Bengal  Railway  until  it 
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•was  taken  over  by  the  Indian  Government.  He  also  constructed 
the  West  of  India  Portuguese  Railway  from  Mormugao  up  the 
Ghats  to  the  British  frontier. 

Owing  to  the  hilly  nature  of  the  country  traversed  by  the  Lan- 
cashire and  Yorkshire  Eailway,  the  works  carried  out  by  Sir  John 
Hawkshaw  for  that  line  included  many  tunnels,  but  the  one  with 
which  his  name  will  always  be  associated  is  that  made  by  the 
Great  Western  Eailway  Compan}1-  under  the  Severn.  It  is  4^ 
miles  long,  of  which  distance  2\  miles  are  under  the  tidal  estuary 
of  the  Severn,  where  there  is  a  rise  of  tide  of  40  feet,  so  that  the 
tunnel  may  be  truly  called  submarine.  The  difficulties  encount- 
ered in  constructing  it  have  been  ably  described  in  a  book  written 
by  the  late  Mr.  T.  A.  Walker,  the  contractor. 

Sir  John  Hawkshaw  was  engineer  in  conjunction  with  Sir 
James  Brunlees  to  the  original  Channel  Tunnel  Company  from 
the  year  1872,  in  which  it  was  incorporated,  until  the  year  1886. 
when  it  ceased  to  exist  as  an  independent  company.  For  many 
years  previously  he  had  been  carrying  on  independent  investiga- 
tions to  satisfy  himself  that  it  was  reasonably  probable  that  a 
tunnel  could  be  made  beneath  the  sea  to  connect  the  railways  of 
England  with  those  of  France.  In  1S65  he  employed  Mr.  Hart- 
zinck  Day,  a  skilful  geologist,  with  a  knowledge  also  of  surveying, 
to  examine  the  cretaceous  strata  on  both  coasts,  and  to  trace,  as 
far  as  possible,  their  course  beneath  the  channel.  In  the  years 
1865  and  1866  he  employed  Mr.  H.  M.  Brunei  to  make  a  marine 
survey  of  the  channel,  and  to  ascertain,  as  far  as  possible,  the 
nature  of  the  strata  forming  the  bed  of  the  channel.  Mr.  Brunei's 
survey  showed  that  the  cretaceous  strata  were  exposed  in  the  bed 
of  the  channel,  and  that  the  outcrop  of  the  beds  could  be  traced 
beneath  the  sea  from  shore  to  shore.  To  ascertain  the  depth  of 
the  chalk  near  Dover  and  Calais,  Mr.  Hawkshaw  had  deep  borings 
made.  Mr.  Brassey  and  Mi-.  Wythes.  who  both  took  great  inter- 
est in  these  investigations,  shared  the  expense  of  this  costly 
operation  with  him.  By  1867  he  had  obtained  such  practical 
information  as  was  necessary,  and  had  solved  the  Channel  Tunnel 
question,  in  so  far  as  that  could  be  done  without  actually  carry- 
ing on  the  work.  The  investigations  carried  out  afterwards  by 
French  engineers,  and  still  later  by  the  Company  promoted  by 
the  South  Eastern  Eailway  Company,  have  done  no  more  than 
to  confirm  Mr.  Hawkshaw's  investigations.     At  first  he  looked 
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upon  the  Channel  Tunnel  question  from  a  purely  engineering 
point  of  view,  but  in  later  3-ears,  when  he  had  considered  it  as  a 
national  question,  he  came  to  the  conclusion  that  it  was  more 
advantageous  that  this  country  should  maintain  its  insular  condi- 
tion than  that  it  should  have  direct  railway  connection  with  the 
continent,  and  having  formed  that  opinion  he  declined  to  take 
any  further  part  in  advocating  such  a  tunnel. 

Some  of  the  viaducts  on  the  Lancashire  and  Yorkshire  Rail- 
way have  already  been  mentioned,  as  also  the  Charing  Cross  and 
the  Cannon  Street  bridges,  and  the  bridge  over  the  Thames  at 
Staines.  Mr.  Hawkshaw  likewise  designed  the  South  Bridge  at 
Kingston-Hull,  which  was  a  large  opening  bridge  at  the  time  it 
was  constructed.  He  also  constructed  the  Londonderry  Bridge 
in  Ireland  (1862  to  I864),  the  Nerbudda  Bridge  in  India  which 
is  nearly  one  mile  long,  and  many  less  important  ones  elsewhere. 
In  conjunction  with  Mr.  W.  H.  Barlow  he  completed  the  Clifton 
Suspension  Bridge,  adapting  the  chains  removed  from  Brunei's 
Hungerford  Bridge  over  the  Thames,  when  it  was  pulled  down 
to  make  way  for  the  Charing  Cross  Railway  Bridge,  to  the  piers 
built  by  Brunei  at  Clifton,  which  had  remained  unfinished  from 
1843  until  1861. 

In  early  life  Mr.  Hawkshaw  was  connected  with  some  canal 
navigations,  as  the  Bolton  and  Bury  Canal  already  mentioned, 
but  the  importance  of  canals  wras  then  waning  before  the  promi- 
nence assumed  by  railways  in  this  country.  Some  few  maintained 
their  position — among  others  the  Weaver  navigation,  to  which 
he  was  consulting  engineer  for  many  years  prior  to  his  retire- 
ment. 

In  July,  1863,  when  Said  Pasha,  Viceroy  of  Egypt,  was  in 
England,  he  requested  Mr.  Hawkshaw  to  visit  Egypt,  and  ex- 
amine the  site  of  the  proposed  Suez  Ship  Canal,  and  to  report  his 
opinion  to  the  Government  of  Egypt.  At  the  close  of  the  year 
Mr.  Hawkshaw  went  to  Egypt,  and  while  there  spent  twenty- 
seven  days  in  examining  the  district  to  be  traversed  by  the  canal. 
Having  thoroughly  investigated  the  question  he  reported  that 
there  were  no  works  on  the  canal  presenting  any  unusual  diffi- 
culties, and  that  no  obstacles  would  be  met  with  that  would  pre- 
vent the  work  when  completed  being  maintained.  This  report 
decided  the  future  of  the  Suez  Canal,  for  Said  Pasha  had  deter- 
mined to  stop  the  work  if  the  report  were  unfavorable.     M.  de 
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Lesseps  fully  recognized  at  the  time  how  much  the  enterprise 
which  was  to  be  associated  with  his  name  owed  to  Mr.  Hawk- 
shaw,  as  the  following  extract  from  Lord  Houghton's  life  tends 
to  show.  Lord  Houghton  represented  the  Eoyal  Geographical 
Society  at  the  opening  ceremony,  and  thus  describes  what  took 
place  : — 

"  "When  Mr.  Hawkshaw  landed  at  Port  Said,  M.  de  Lesseps 
took  him  by  the  hand,  and  presented  him  to  the  engineers  who 
were  about  him,  and  said,  '  This  is  the  gentleman  to  whom  I  owe 
the  canal,'  and  it  was  literally  true.  At  the  time  when  the  repu- 
tation of  the  canal  was  at  its  worst,  when  public  opinion  in 
Europe  was  growing  against  it,  when  money  was  the  hardest  to 
get,  the  Khedive  asked  for  an  English  engineer  who  would  give 
him  a  final  opinion  as  to  the  practicability  of  the  canal.  He 
selected  Mr.  Hawkshaw,  a  man  not  only  high  in  his  profession, 
but  of  the  most  sirgular  independence  and  simplicity  of  char- 
acter. The  Khedive  told  Mr.  Hawkshaw  that  if  he  would  report 
to  him  confidentially  that  the  caual  was  impracticable  he  would 
take  care  that  the  works  were  brought  to  an  end  without  injury 
to  anybody.  He  reported  that  the  canal  was  not  only  feasible, 
not  only  practicable,  but  that,  to  his  mind,  the  main  engineering 
difficulties  which  had  been  raised  were  not  such,  in  any  degree, 
as  would  authorize  its  abandonment ;  that  he  believed  the  canal 
could  be  made,  and  could  be  maintained  at  a  moderate  and  rea- 
sonable expense.  And  therefore  when  M.  de  Lesseps  presented 
Mr.  Hawkshaw.  as  I  saw  him  do,  to  the  persons  present  at  Port 
Said,  he  was  thoroughly  justified  in  saying,  '  It  is  to  him  that  I 
mainly  owe  the  accomplishment  of  this  great  enterprise.' "  Sub- 
sequent events  have  proved  the  soundness  of  the  opinions  set 
forth  in  Mr.  Hawkshaw's  report  to  Said  Pasha,  both  as  regards 
the  completion  of  the  canal  and  of  its  maintenance. 

At  the  invitation  of  M.  de  Lesseps,  Sir  John  Hawkshaw  went 
to  Paris  in  18*79,  sixteen  years  later,  to  be  present  at  the  Inter- 
national Congress  on  the  question  of  an  inter-oceanic  ship  canal 
across  Central  America.  He  made  a  short  statement  of  his  views 
on  certain  points  at  the  meeting,  as  he  at  once  saw  what  was  and 
will  always  remain  the  great  obstacle  to  making  a  canal  on  the 
Panama  site,  and  which  had  apparently  up  to  that  time  been 
overlooked  by  the  promoters  of  the  Panama  Canal,  the  difficulty 
of  dealing  with  the  Chagres  River.     He  showed  that  as  no  pro- 
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vision  had  been  made  for  the  waters  of  that  river,  it  would,  when 
in  flood,  flow  through  the  proposed  tunnel  for  the  canal  (after- 
wards abandoned),  and  almost  completely  fill  it,  which  was 
equivalent  to  saying  that  the  canal  as  then  designed  was  im- 
practicable. He  then  proceeded  to  say  that  he  saw  no  difficulty 
in  working  a  ship  canal  with  locks,  provided  a  sufficient  water 
supply  could  be  obtained  at  the  summit  level ;  but  he  publicly 
expressed  no  opinion  as  to  the  practicability  of  a  canal  on  the 
Panama  site :  as  a  matter  of  fact  he  did  not  believe  it  to  be  prac- 
ticable at  a  reasonable  cost.  He  took  no  further  part  in  the 
Congress,  and  as  he  felt  he  could  not  support  the  project,  he  left 
before  the  conclusion  of  the  meeting  without  giving  any  vote. 
It  is  the  more  necessary  to  state  what  really  took  place  at  the 
Congress,  because  fit.  de  Lesseps,  in  his  autobiography,  has 
placed  Sir  John  Hawkshaws  name  first  among  those  who  noti- 
fied the  decision  of  the  Congress  with  respect  to  the  proposed 
Panama  Canal.  For  this  he  has  no  authority,  and  has  stated 
what  is  contrary  to  the  fact.  Among  the  various  proposals 
brought  before  the  Congress,  Sir  John  Hawkshaw  was  most  favour- 
ably impressed  by  that  for  the  Nicaragua  route,  recommended 
by  Admiral  Ammen  and  Mr.  Menocal,  representing  the  United 
States  of  Xorth  America. 

In  1862  he  was  appointed  Engineer  to  the  Amsterdam  Ship 
Canal,  Mr.  Dircks,  of  Amsterdam,  being  the  Eesident  Engineer. 
Until  the  Manchester  Ship  Canal  is  complete,  that  from  Amster- 
dam to  the  Xorth  Sea  will  rank  second  only  to  the  Suez  Canal. 
Its  length  is  close  on  16  miles,  its  depth  23  feet  as  compared  with 
26  feet,  the  depth  of  the  Suez  Canal,  which,  however,  it  exceeds 
in  width,  being  88  feet  7  inches  at  the  bottom,  against  72  feet, 
the  bottom  width  of  the  Suez  Canal.  It  comprised  some  import- 
ant contingent  works  :  the  Zuyder  Zee  Locks,  built  out  in  the 
Zuyder  Zee  in  a  temporary  circular  timber  cofferdam,  525  feet 
diameter,  on  10.000  bearing  piles,  the  bottom  consisting  of  mud 
for  a  great  depth.  These  locks  were  afterwards  connected  with 
the  land  by  two  b  >nks  or  dams,  together  nearly  a  mile  long, 
made  on  the  same  soft  bottom,  shutting  out  the  water  of  the 
Zuyder  Zee  from  the  canal.  Laige  locks  were  also  made  at 
Ymuiden  in  a  deep  cutting  in  the  sand  hills,  and  the  entrance 
from  the  Xorth  Sea  was  protected  by  two  breakwaters  each 
nearly  a  mile  long,  enclosing  a  large   harbour.     The  pumping 


360  Obituary. 

machineiy  erected  to  maintain  tho  water  surface  of  the  canal  at 
a  prescribed  level  is  on  an  extensive  scale.  lie  visited  Holland 
frequently  during  the  progress  of  the  works,  which  were  formally 
opened  lor  traffic  by  the  King  of  Holland  on  November  1st,  1876. 

In  the  year  1864  Mr.  Hawkshaw  was  asked  by  Ishmail  Pasha, 
Viceroy  of  Egypt,  to  examine  the  first  cataract  of  the  Nile,  and 
report  as  to  the  practicability  of  making  it  navigable.  Early  in 
the  following  year  he  sent  Mr.  Hayter,  his  son,  Mr.  J.  C.  Hawk- 
shaw, and  the  late  Mr.  Graham,  the  surveyor,  to  make  a  survey 
of  the  first  cataract.  On  their  return  he  reported  that  the 
canalization  of  the  first  cataract  was  practicable,  and  gave  a  plan 
for  accomplishing  it. 

The  Government  Harbour  of  Refuge  of  Holyhead  was  begun 
in  184*7,  from  the  designs  and  under  the  superintendence  of  Mr. 
James  Meadows  Rendel.  When  he  died  in  1856  Mr.  Hawkshaw 
was  appointed  Engineer-in-chief,  and  held  that  post  for  seventeen 
years,  until  the  works  were  finished  in  the  year  1873.  The 
Prince  of  Wales  then  visited  Holyhead  and  formalty  declared 
the  harbour  to  be  completed. 

He   was   frequently  consulted   as   to   other   harbours    in   the 
United  Kingdom,  such  as  Alderney,  Dover,  Folkestone,  Belfast,. 
Aberdeen,  Greenock,  Wick,  and  many  others. 

In  1874,  at  the  request  of  the  Emperor  of  Brazil,  Sir  John 
Hawkshaw  visited  some  of  the  most  important  sites  for  harbours 
on  the  coast  of  Brazil,  from  Maranbao  on  the  north  to  Rio 
Grande  do  Sul  on  the  south.  In  the  following  year  he  reponed 
to  the  Brazilian  Government,  giving  designs  and  estimates  for 
the  harbours  of  Maranhao,  Pernambuco,  Parahyba  do  Sul, 
Torres,  Rio  Grande  do  Sul,  Rio  Grande  do  Norte  and  Maceio; 
some  of  these  are  now  being  carried  out. 

In  1861  he  was  called  upon  by  the  War  Office  to  design  the 
foundations  for  the  Spithead  Forts,  which  were  carried  out  under 
his  superintendence  in  the  years  1861  to  1868. 

He  was  consulting  Engineer  to  the  Hull  Dock  Company  for 
twenty-six  years  (1862  to  1888),  and  designed  and  carried  out 
important  works  at  Kingston-upon-Hall.  Among  others  an 
enlargement  of  tho  old  Victoria  Dock  and  the  construction  of  a 
new  one,  the  Albert  Dock,  opened  by  the  Prince  of  Wales  in 
1869. 
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He  constructed  the  South  Dock  for  the  East  and  West  India 
Dock  Company,  also  the  Penarth  Dock  near  Cardiff,  the  Fleet- 
wood Dock,  and  the  .Maryport  Dock,  the  Granville  Dock  at  Dover, 
and  he  was  frequently  consulted  by  the  Greenock  Harbour  Trust, 
and  was  often  called  in  to  advise  on  dock  questions  both  at  home 
and  abroad.  In  18S5  he  prepared  designs  for  a  system  of  docks 
for  Buenos  Ayrcs,  and  in  1887  he  visited  that  city  shortly  after 
the  works  now  in  progress,  had  been  begun. 

In  ISfiO  he  was  appointed  sole  Eoyal  Commissioner  to  decide 
the  important  question  of  the  water-supply  of  Dublin.  His 
decision  was  given  after  hearing  all  the  evidence  that  could  be 
obtained  on  the  subject,  and  the  scheme  he  recommended,  that 
originated  by  Mr.  Hassard,  for  obtaining  water  from  the  Vartry, 
was  afterwards  carried  out,  and  has  proved  of  great  benefit  to  the 
city.  On  a  subsequent  occasion  he  reported  on  a  scheme,  also 
by  Mr.  Hassard.  for  increasing  the  supply  of  water  for  the  Dublin 
district  from  the  Dodder.  This  work  has  been  successfully 
carried  out.  He  reported  and  advised  on  many  other  projects 
for  supplying  water  to  towns  and  districts  both  at  home  and 
abroad. 

The  Brighton  intercepting  sewer,  7  miles  long,  was  constructed 
from  his  designs  and  under  his  supervision.  He  also  drained  the 
town  of  Cardiff,  and  reported  on  and  gave  designs  for  the  im- 
provement of  the  drainage  of  Dover,  Torquay.  Lowestoft,  Nor- 
wich and  Ayr. 

In  1874  Sir  John  H  awkshaw  was  appointed  sole  Boyal  Com- 
missioner to  inquire  into  the  causes  of  pollution  of  the  Clyde  and 
its  tributaries,  and  the  best  means  of  remedying  the  evils  arising 
therefrom.  In  his  report  to  Her  Majesty  he  recommended 
engineering  works  for  dealing,  not  only  with  the  sewage  of 
Glasgow,  but  also  of  the  adjoining  towns  of  Paisley,  Coatbridge, 
Airdrie,  &C. 

He  was  consulting  Engineer  for  the  General  Commissioners 
for  drainage  by  the  Eiver  Witham,  and  was  also  consulted  by  the 
Boston  Harbour  Trust,  who  were  interested  in  the  outfall  of  that 
river.  The  River  Witham  was  widened,  deepened,  and  improved 
under  his  advice,  and  important  works  were  carried  out  in  the 
adjoining  fens.  Among  other  works  he  erected  the  Lade  Bank 
pumping-engines  for  the  Fourth  District,  which  proved  a  great 
success. 
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lie  was  also  Consulting  Engineer  to  the  Middle  Level  District 
in  Norfolk.  One  of  the  most  troublesome  tasks  which  ho  was 
ever  called  upon  to  undertake  was  to  remedy  the  disaster  caused 
by  the  failure  of  the  Middle  Level  outfall  sluice  at  St.  Germains. 
The  sluice,  originally  designed  by  Mr.  J.  Walker  and  built  in 
1847,  gave  way  on  May  4th,  1862,  and  admitted  the  tidal  waters 
of  the  Ouse  into  the  drain,  up  and  down  which  they  flowed  each 
tide  with  great  velocity  for  a  distance  of  20  miles.  In  a  few  days 
the  drain  bank  gave  way  and  6,000  acres  of  land  were  inundated. 
Mr.  Hawkshaw  at  the  time  when  this  occurred  was  much  engaged 
in  Parliamentary  Committee  work,  so  that  it  was  with  difficulty 
he  could  find  time  for  the  necessary  journeys  to  and  from  Lynn 
to  inspect  the  remedial  works  which  he  recommended.  The  tide 
was  finally  shut  out  by  a  dam  of  novel  design,  across  which 
sixteen  large  siphons,  3i  feet  diameter,  were  laid,  which  fulfilled 
all  the  requirements  of  the  drainage  of  the  district  for  many 
years.  The  siphons  still  remain,  but  are  no  longer  used,  as  the 
Commissioners  built  a  new  sluice  by  the  side  of  them  from  his 
designs  in  the  years  1876  to  1880. 

He  was  called  upon  from  time  to  time  to  advise  as  to  the 
amelioration  of  British  river-channels.  He  laid  down  river-lines 
for  the  Humber,  and  was  consulted  as  to  the  channels  in  the 
entrance  of  the  clyde.  Sir  John  Hawkshaw  was  engineer  to  the 
Thames  Valley  Drainage  Commissioners,  and  prepared  designs 
and  estimates  for  works  to  diminish  the  floods  in  their  district, 
which  includes  Oxford.  Some  of  these  works  have  been  carried 
out  with  good  results.  After  the  disastrous  floods,  which 
occurred  at  and  near  Lincoln  in  1877,  when  part  of  the  town  was 
flooded  and  some  of  the  fen  lands  laid  under  water  for  weeks,  he 
was  consulted  and  after  a  careful  survey  of  the  district  gave 
plans  and  estimates  for  remedial  works.  He  was  consulted  by 
the  Norwich  Municipal  authorities  after  the  floods  which  did 
much  damage  in  that  city  in  1877,  and  also  by  the  authorities  of 
Burton  on-Trent  when  that  town  was  flooded  in  1879. 

He  served  on  more  than  one  occasion  on  Committees  appointed 
by  Government  Departments  to  investigate  important  questions. 
He  was  one  of  a  Committee  of  five  members  appointed  by  the 
War  Office  in  1868,  to  enquire  into  the  construction,  condition 
and  cost  of  the  fortifications  erected  and  in  course  of  erection. 
During  this  enquiry  the   Committee  personally  examined  the 
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whole  of  the  works.  He  was  also  one  of  the  Committee 
appointed  by  the  Board  of  Trade  in  1880,  to  consider  the  question 
of  Wind-Pressure  on  Railway  Structures. 

By  an  Act  of  Parliament  passed  in  the  year  180S.  to  enable 
the  Postmaster-General  to  purchase  the  Electric  Telegraphs,  the 
Marquis  of  Salisbury,  and  failing  him  Mr.  Hawkshaw,  was 
appointed  arbitrator  to  distribute  the  purchase  money  among 
the  shareholders  of  the  different  Companies  in  such  proportion 
as  he  should  award  and  determine  after  due  consideration.  As 
Lord  Salisbury  did  not  accept  the  post,  this  important  duty  de- 
volved on  Mr.  Hawkshaw,  who  divide!  the  large  sum  in  question 
among  the  various  shareholders. 

His  professional  engagements  left  no  time  for  literary  work 
other  than  the  many  reports  he  was  called  upon  to  write.  In 
1838,  after  his  return  from  Venezuela,  he  published  in  one 
volume  a  short  account  of  his  experiences  in  that  country.  This 
work  shows  that  he  was  a  good  observer  taking  interest  in 
questions  of  natural  science,  especially  in  those  relating  to  geo- 
logy. He  became  a  Fellow  of  the  Geological  Society  of  London 
in  the  same  year  (1838).  The  sixth  volume  of  the  Transactions 
of  that  Society  contains  some  papers  by  him.  In  1813  he  wrote 
a  paper  entitled,  "  Some  Observations  on  the  present  state  of 
Geological  Enquiry  as  to  the  Origin  of  Coal."  published  in  Stur- 
geon's Annals  of  Philosophy,  1813.  He  was  also  a  Follow  of 
the  Manchester  Geological  Society.  In  1855  he  was  elected  a 
Fellow  of  the  Royal  Society  and  was  also  a  Fellow  of  the  Royal 
Society  of  Edingburgh. 

He  was  President  of  the  Institution  of  Civil  Engineers  in 
1862-03,  and  of  the  British  Association  in  1875.  He  was  for 
twenty-six  years  an  officer  of  the  Engineer  and  Railway  Trans- 
sport  Volunteers,  and  was  the  Lieut.-Colonol  Commandant  from 
the  year  1878  until  his  death. 

Political  life  had  no  strong  attraction  for  him,  no  one  who 
knew  him  could  imagine  him  a  party  man.  Nevertheless  he 
was  persuaded  in  1863  to  offer  himself  as  a  candidate  for  Andover 
in  the  Liberal  interest,  but  he  was  not  successful.  In  1864,  he 
bought  the  estate  of  Colonel  Pinney  at  Ljmie  Regis  in  Dorset- 
shire, and  made  arrangements  to  offer  himself  as  the  Liberal  can- 
didate for  the  borough  at  the  general  election  in  1865.  Being 
advised  only  a  few  days  before  the  election  that  he  was  disqua- 
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lified  by  his  holding  a  Government,  his  son  took  his  place  and 
lost  the  election  by  nine  votes.  He  was  always  a  Liberal  in  the 
true  sense  of  the  word,  and  so  in  due  course  became  a  Liberal 
Unionist.  Like  all  Yorkshiremen  he  was  not  without  some  love 
of  sport.  For  many  years  he  had  a  moor  in  Scotland.  In  earlier 
clays,  before  the  luxurious  lodges  of  the  present  day  had  come 
into  existence,  he  shared  a  room  in  black  bothy  in  Aberdeenshire 
with  his  old  friend  William  Dunlop,  a  director  of  the  Edinburgh, 
Perth  and  Dundee  Bailway.  Later  on  he  rented  Inverkroskie 
Lodge  in  Pertshire  for  some  years.  In  1865  he  bought  the  estate 
of  Hollycombe  in  Sussex,  and  there  continued  to  enjoy  covert 
shooting  until  within  two  years  of  his  death. 

He  was  never  happier  than  when  out  for  a  day  visiting  some 
of  his  professional  works  during  their  progress,  for  he  had  a  true- 
love  of  his  work  and  was  little  influenced  by  questions  of  pecu- 
niary gain.  His  common  sense  was  remarkable.  This  was 
apparent  not  only  in  his  reports  and  in  the  work  which  he  car- 
ried out,  but  by  the  kind  of  work  with  which  he  allowed  his 
name  to  be  connected.  His  firmness  of  character  often  stood 
him  in  good  stead.  He  did  not  give  his  support  to  any  project 
until  he  had  carefully  and  honestly  considered  it,  and  when  ho 
had  once  made  up  his  mind,  and  felt  sure  that  his  decision  was 
correct,  no  cross-examination  could  make  him  waver  in  the  least 
degree.  As  a  witness  before  Parliamentary  Committees  and  . 
other  tribunals  he  has  not  had  many  equals.  Though  reserved 
in  private  life  he  was  of  a  kindly  disposition,  as  many  who  have 
known  him  can  bear  witness. 

Sir  John  Hawkshaw  was  undoubtedly  one  of  the  greatest 
engineers  of  the  century,  and  his  membership  of  this  Institution 
forms  an  important  episode  in  the  history  of  the  society. 
Throughout  his  long  connection  of  fifty-five  years  he  steadily 
supported  it,  freely  contributing  information  of  the  most  valuable 
and  practical  kind  from  the  stores  treasured  up  in  the  conduct  of 
his  large  and  successful  practice.  In  the  Name-Index  to  Vols.  I. 
to  LVTII.  of  the  Proceedings,  which  correspond  to  the  most 
active  period  of  his  career,  there  are  no  less  than  six  closely 
printed  pages  referring  to  his  contributions,  whilst  many  of  his 
works,  such  as  the  railway  bridges  over  the  Thames,  the  docks 
at  the  Isle  of  Dogs  and  Hull.  Holyhead  and  Alderuey  Break- 
waters, the  Amsterdam  Ship  Canal,  Brighton  Main  Drainage, 
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etc..  formed  the  subject  of  communications  by  his  assistants,  most 
of  whom  subsequently  achieved  positions  in  the  front  rank  of  the 
profession. 

In  1850  Sir  John  Hawk-haw  was  made  a  Member  of  Council, 
being  afterwards  continuously  re-elected  until  he  reached  the 
President's  chair  in  1861.  In  1864  he  was  one  of  the  first  to 
respond  to  the  appeal  made  for  a  Benevolent  Fund,  subscribing 
£500  to  that  undertaking.  Two  years  later,  when  the  subject  of 
rebuilding  the  premises  in  Great  George  Street  became  urgent, 
he  subscribed  £2,000  to  the  fund  proposed  to  be  raised  among  the 
members  for  that  purpose,  and  although  the  subscription  list  was 
afterwards  cancelled,  there  is  no  doubt  the  money  would  have 
been  cheerfully  paid  had  it  been  needed.  Lastly,  by  his  will  he 
left  the  society  £500  free  of  legacy  duty. 

This  distinguished  engineer  died  on  the  2nd  June,  1891.  leav- 
ing a  reputation  such  as  few  have  achieved  for  variety  of  good 
and  honest  work.  Certainly  no  man  has  done  more  to  enchance 
the  honour  and  reputation  of  the  profession. 

{The  foregoing  is  from  the  Minutes  of  Proceedings  of  the  Institu- 
tion of  Civil  Engineers,  Vol.  CVI,  1890.) 

Sir  John  Hawkshaw  was  elected  an  Honorary  Member  of  the 
Canadian  Society  of  Civil  Engineers  on  the  14th  November,  1889. 


GEOEGE  HOLT  HENSHAW  was  born  in  Montreal,  Septem- 
ber 1st,  1831.  At  a  very  early  age  he  evinced  a  strong  desire  to 
acquire  a  knowledge  of  mathematics  and  drawing  ;  and  as  a 
pupil  of  the  Eector  of  the  Montreal  High  School,  the  Eevd.  Mr. 
Simpson,  he  attracted  much  attention,  and  while  pursuing  his 
studies  at  the  school,  was  advised  by  the  Eector  to  engage  the 
services  of  Mr.  Andrews,  professor  of  Mathematics  at  Cambridge, 
who  had  recently  come  to  this  country  to  settle.  Under  the 
tuition  of  Mr.  Andrews  he  made  such  rapid  progress  that  he  was 
invited  by  Mr.  Alfred  Barrett,  chief  engineer  of  the  Board  of 
Works  of  Canada,  to  enter  the  Government  service.  His  first 
work  was  on  the  improvements  and  enlargement  of  the  locks  of 
the  Lachine  Canal  in  1847. 

In  1849,  Mr.  Henshaw  was  offered  the  post  of  assistant  en- 
gineer on  the  construction  of  the  James  Eiver  and  Kenawa 
Canal,  Virginia,  and  in  charge  of  the  divisional  drawing  offices. 
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From  1852  to  1854  inclusive,  he  was  engaged  on  the  Chicago 
Water  Works  and  various  Eailway  Surveys  in  Illinois  and  Mi- 
chigan. From  1854  to  1856  on  the  New  York  and  Erie  Railway, 
and  from  1857  to  1859  was  resident  Engineer  on  the  Trois  Pis- 
toles section  of  the  Grand  Trunk  Eailway.  Tn  1860,  he  was 
appointed  by  Mr.  Tho.  Brasse}',  as  "  Engineer  in  charge  of  the 
Western  Division  of  the  Danish  Eailways."  After  seven  years 
service  in  Denmark  he  returned  to  Montreal,  and  from  1869  to 

1872  was  resident  engineer  on  sections  4  and  11  of  the  Inter- 
colonial railway.  During  1872-73  he  was  engineer  in  charge  of 
survey  between  Three  Eivers  and  Montreal  on  "  North  Shore  " 
railway.  Mr.  Henshaw's  last  service  in  Canada  was  as  resident 
engineer  of  the   Canadian  Government  at  St.  Anns,  P.  Q.,  from 

1873  to  1838  when  on  the  final  completion  of  Canal  and  Locks 
at  that  place  be  reaioved  to  the  United  States  and  for  the  last 
two  years  has  resided  in  Brooklyn  and  New  York,  being  engaged 
in  the  development  of  a  project  for  the  protection  of  beach  fronts 
from  the  action  of  the  sea. 

Mr.  Henshaw  died  at  Brooklyn,  N.  Y..  January  10th,  1891, 
age  59  years  8  months.  He  was  elected  a  member  of  this  Society 
on  the  20th  January,  1887. 


HENBY  AECHBALD  was  born  in  Montreal,  21st  May,  1861, 
and  his  early  education  was  received  at  the  Montreal  High  School. 
In  September.  1878,  be  entered  the  Faculty  of  Applied  Science, 
McGill  University,  and  after  a  successful  career  as  a  student  in 
the  course  of  civil  engineering,  graduated  in  April.  1881,  with 
the  degree  of  "  Bachelor  of  Applied  Science."  His  first  practical 
work  was  as  an  assistant  on  the  topographical  survey  of  a  por- 
tion of  the  maritime  provinces.  In  the  autumn  of  1882  he  joined 
the  Canadian  Pacific  Eailway  as  assistant  in  charge  of  construc- 
tion of  branch  lines  and  maintenance  of  bridges  and  permanent 
way,  under  Mr.  D.  McPherson,  divisional  engineer,  with  whom 
he  remained,  giving  valuable  assistance  until  April,  1889,  when 
he  joined  the  United  States  engineer  corps,  at  Montgomery, 
Alabama,  under  Captain  Price,  as  assistant  to  Mr.  Charles  Firth, 
engineer  in  charge  of  improvements  in  the  Coosa  Eiver.  These 
improvements  comprise  an  extensive  system  of  locks,  with  water 
stretches  between,  where  dredging  and  jetties  are  made  use  of  to 
improve  the  natural  channel.     From  summer  of  1889  to  autumn 


Obituary.  36  7 

of  1891  he  was  engaged  with  Mr.  P'irth  in  an  elaborate  survey  of 
the  Coosa  River  and  the  adjacent  country,  for  the  purpose  of 
locating  the  exact  sites  for  the  locks  and  the  different  portions 
of  river  bed  in  need  of  improvement.  This  survey  had  been  com- 
pleted and  construction  started  on  the  locks  at  Wetumpka,  when 
a  sudden  attack  of  dysentery,  brought  on  by  unavoidable  expo- 
sure to  dampness  and  heat,  carried  him  off  November  21st,  1891. 
Mr.  Archibald  was  elected  an  associate  member  of  this  society  on 
the  20th  January,  1887. 


NOTE. 

The  Council  regrets  the  insertion,  as  an  appendix  to  the  last 
Annual  Report,  of  an  obituary  notice,  accepted  as  such  without 
examination,  and  disclaims  any  intention  to  embark  in  the  con- 
troversy therein  referred  to. 
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